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THE ANTIGENIC ROLE OF THE EXCRETIONS AND SECRETIONS 
OF ADULT TRICHINELLA SPIRALIS IN THE 
PRODUCTION OF IMMUNITY IN MICE! 


PAULA BEAVER CHIPMAN? 


Department of Parasitology, University of North Carolina 
Chapel Hill, North Carolina 


Experimental evidence lends strong support to the generally accepted view that 
the excretions and secretions of parasitic worms elicit an immune response in the 
host. The major portion of this evidence is indirect, being concerned with demon- 
strations of precipitate formation around the body openings of worms incubated in 
homologous antiserum. The first direct evidence for this view was offered by 
Thorson (1951, 1953) who demonstrated that injection into rats of the excretions 
and secretions collected from infective larvae of Nippostrongylus muris gave partial 
protection against a challenging infection of the same parasite. Campbell (1955) 
added further proof by showing that injection of the excretions and secretions (ES 
antigen) of infective larvae of Trichinella spiralis elicits an immune response in 
white mice. This immunity was evidenced following infection by a more rapid 
loss of adult worms, a stunting of the adult females, and the presence of smaller 
numbers of larvae in the muscles of injected mice than in the control mice. 

On the basis of Campbell’s results, using infective larvae, it seemed worthwhile 
to determine whether or not an ES antigen could be collected from the adults of 
T. spiralis, and, if so, how effective it would be in producing immunity. 


MATERIALS AND METHODS 


The experimental host (white mouse), the strain of 7. spiralis, and the various pro- 
cedures involved in infecting the mice and determining the number of parasites present after 
infection were those used by Campbell (1955). 

Because large numbers of worms were needed, rats were used for collecting purposes. 
To assure that the ES antigen was produced only by adult 7. spiralis, it was necessary to 
eliminate the other phases of the life cycle. The larvae produced by the females were elim- 
inated by irradiating the larvae used to infect the rats. A dose of 3700 r was used, since 
this treatment allows the infective larvae to mature into adults, but prevents sexual maturity 
(Levin and Evans, 1942). That this treatment produced the desired effect was proven by 
the failure to recover larvae in muscles of rats infected with such larvae. The pre-adult 
stage was eliminated by allowing a period of 72 hours to elapse after infection before the 
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adults were collected from the rats. It is generally agreed that 7. spiralis larvae will ma- 
ture into adults in the intestine of the host within 48 hours after infection. 

Each rat infected for the purpose of collecting adults was given orally 20,000 irradiated 
larvae. The adult worms were collected by the procedure of Hendricks (1952) with minor 
modifications. Following the collecting procedure, the adults were standardized to 10,000 
per ml. This number in 1.0 ml of Tyrode’s solution was transferred to 50-ml flasks con- 
taining 9.0 ml of sterile nutrient fluid, making a total volume of 10.0 ml. Thus the final 
concentration of adults was 1000 per ml. The culture fluid consisted of 1 part ox serum 
ultrafiltrate and 2 parts of Simms’ X6 solution (Simms and Sanders, 1942). Antibiotics 
(500 micrograms of streptomycin and 500 units of penicillin per ml) were added to inhibit 
bacterial growth. 

After the adults were added, the flasks were stoppeted with cotton and placed in the 
incubator at 37° C. Preliminary obcervations of the adults in culture revealed that viability 
was maintained for about 4 days as evidenced by motility, but vigorous activity ceased after 
48 hours. As it was necessary to eliminate the possibility that tissue antigens from dead 
and disintegrating worms might be released and contaminate the ES antigen, a 2-day incuba- 
tion period was chosen. Periodic checks of all cultures ‘used in the study failed to reveal 
any dead worms. Following the incubation period, the nutrient fluid and adults from all cul- 
tures were pooled into 50-ml conical centrifuge tubes. The tubes were centrifuged for 3 
minutes at 1800 rpm to remove the worms, and the superngtant fluid was transferred to sterile 
5.0- and 10.0-ml vaccine bottles. The bottles were closed with sterile rubber stoppers and 
stored in the deep freeze until needed. 

Injections of the ES antigen were made by means of a sterile 1-ml tuberculin syringe 
and a 0.5-inch, 27-gauge needle. These injections were given intraperitoneally in the inguinal 
region of the animal alternately in the right and left inguinal areas. Injection of control 
animals was done with nutrient medium that had been incubated without worms for 2 days. 

The criteria of immunity in this series of studies were the number of adults recovered 
from the small intestine 7 or 10 days after a challenging infection, and the number of larvae 
recovered from the muscles 30 days after the challenging infection. 


EXPERIMENTAL PROCEDURES AND RESULTS 


Experiment I, This experiment was designed to determine if 6 injections of the 


ES antigen prepared from the adults of 7. spiralis would stimulate the production 
of immunity in mice. 

Forty-eight mice, male and female, between 4 and 5 rnonths old were separated 
into 3 equal groups (1 experimental and 2 control groups). The 16 mice of the 
experimental group were given 6 intraperitoneal injections of the ES antigen. A 
total of 0.9 ml of ES antigen was administered to each animal in this group. This 
quantity was divided into 6 doses, 1 dose being given every third day, as follows: 
0.1 ml, 0.1 ml, 0.15 ml, 0.15 mt; 0.2 ml, and 0.2 ml. The second group of 16 mice, 
the injected controls, received injections of the control fluid following the same 
schedule used for the experimental group. The third group of 16 mice served as 
non-injected controls. Two weeks after the final injections, all of the mice were 
given a challenging infection of 200 T. spiralis larvae. 

Seven days after the challenging infection, 8 mice from each group were sacri- 
fied for adult worm counts. Three days later, or 10 days after the challenging in- 
fection, the remaining 8 mice in each group were sacrificed for adult counts. 

At 7 days, the average numbers of adult worms recovered from the experimen- 
tals, the injected controls, and the non-injected controls were 39.2, 37.6, and 36.6, 
respectively, while at 10 days the respective averages were 29.8, 39.1, and 35.0. 

An analysis of variance test performed on the above data revealed no significant 
difference between the various groups at 7 or 10 days. These findings indicate that 
under these experimental conditions injections of the ES antigen did not produce 
a demonstrable immunity as judged by adult counts at 7 and 10 days after the 
challenging infection. 
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Experiment II, In the previous experiment, the experimental mice had an average 
of 9.4 fewer worms at 10 days than at 7 days after infection, while the worm burdens 
of the controls were about the same for the 2 periods. This suggested that the 
experimentals had developed some immunity from the antigen injections, but it was 
too feeble to be detected by adult worm counts. The present experiment was de- 
signed, therefore, to include larvae counts, which are a more delicate measure of 
immunity than adult counts (Campbell, 1955). Provision also was made to include 
a smaller (100 larvae) challenging dose in the event that the dose of 200 larvae was 
too large for the detection of a low-grade immunity. 


Forty-eight mice, of both sexes, between 4 and 5 months old were separated 
into 2 groups, experimentals and controls. The 24 mice of the experimental group 
were given 6 intraperitoneal injections of ES antigen, and the other 24 mice served 
as non-injected controls. Injected controls were not included, since the results of 
Experiment I demonstrated that injections of the control fluid had no demonstrable 
effect on immunity. The dosage of antigen was the same as described in Experi- 


ment I but the injections were given on alternate days. Two weeks after the final 
injection all mice were given a challenging infection. Eight mice from each of the 
2 groups were given 100 larvae each, and the remaining 16 mice in each group re- 
ceived 200 larvae each. 

Ten days after the challenging infection all of the mice that had received 100 
larvae, and 8 of the mice of each group given 200 larvae were sacrificed for adult 
counts. Twenty days later, or 30 days after infection, the remaining 8 mice of each 
group were sacrificed for larvae counts. 

The experimental mice that received 100 larvae in the challenging infection 
harbored an average of 25.8 adult worms, while their controls had an average of 
32.1. Following the challenging infection with 200 larvae, the experimentals har- 
bored an average of 37.3 adult worms and 7,316 larvae, whereas these respective 
averages for their controls were 52.0 and 15,936. 

An analysis of variance test was performed with the data from the counts of 
adults, and no significant difference was found to exist among the 2 groups in either 
the 100-larvae or 200-larvae challenge series. The analysis of variance test per- 
formed with the larvae count data revealed a significant difference at the 0.01 level 
between the experimental group (7,316 larvae) and the control group (15,936 
larvae). The results of this experiment indicate that 6 injections of ES antigen 
collected from adults that had developed from irradiated larvae stimulated the 
production of some immunity as judged by larvae counts. 

Experiment III, This experiment was designed in an attempt to increase the 
immunizing effect of the ES antigen. The factor chosen for study was a larger 
number of injections of the ES antigen. 

Seventy-two mice, of both sexes, between 4 and 5 months old, were used. The 
mice were divided equally (24) into 2 experimental groups and 1 control group, 
each group having an equal number of males and females. The first experimental 
group of 24 mice received 6 injections of the ES antigen as in Experiment I but 
with injections on alternate days. Those of the second experimental group received 
12 injections of the ES antigen on alternate days, which totaled 1.8 ml. This 
quantity was divided as in Experiment I, but each different dosage was given 4, 
rather than 2, times as follows: 0.1 ml, 0.1 ml, 0.1 ml, 0.1 ml, 0.15 ml, 0.15 ml, 0.15 
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ml, 0.15 ml, etc. Twenty-four mice served as non-injected controls. Two weeks 
after the final injections, 8 mice from each group received a challenging infection 
of 100 larvae, and the remaining 16 mice in each group received a challenging in- 
fection of 200 larvae. 

Ten days after the challenging infection, the 8 mice in each group that had re- 
ceived 100 larvae, and 8 of the mice in each group that had received 200 larvae, 
were sacrificed for adult counts. Thirty days after infection, the remaining 8 ani- 
mals in each group were sacrificed for larvae counts (Table 1). 


TasL_E I—Average number of T. spiralis adults recovered 10 days after infection, and the 
average number of larvae recovered 30 days after infection 


Six injections Twelve injections Non-injected 
of ES antigen of ES antigen controls 
Challeng- ; 
ing in- No. Ave. no. No. Ave. no. No Ave. no. 
fection mice adults mice adults mice adults 


100 8 65.1 S ?8.8 8 60.7 

200 8 99.1 8 95.5 8 136.3 
Ave. no. Ave. no. Ave. no. 
larvae larvae larvae 


200 8 27,600 8 21,720 8 38,320 


An analysis of variance test performed on the data for the adult counts in the 


100-larvae challenge series demonstrated that the count for the mice given 12 in- 
jections of the ES antigen (38.8) is significantly lower than that for the controls 
(60.7). In the 200-larvae challenge series, there is no significant difference in the 
various adult worms counts, although the counts for both experimental groups are 
considerably lower than that for the controls. In the case of the larvae counts, those 
for the mice given 6 injections of antigen (27,600), and those for the mice given 12 
injections of ES antigen (21,720) are significantly lower than the count for the 
controls (38,320). 

The results of Experiment III indicate that, under these experimental condi- 
tions, 12 injections of the ES antigen stimulated the production of immunity as 
judged by a reduction in the number of adults recovered 10 days following a chal- 
lenging infection of 100 larvae. As in Experiment II, the present experiment also 
demonstrated an immune effect from 6 injections of the ES antigen (as well as from 
12 injections) as shown by a reduction in the number of larvae recovered 30 days 
after a challenging infection of 200 larvae. 

DISCUSSION 

Injections of the ES antigen collected from adult T. spiralis resulted in the pro- 
duction of an immune response in mice that partially protected them against a chal- 
lenging infection with this parasite. When a challenging dose of 200 larvae was 
given to test the effect of the injections, it was found that neither 6 nor 12 injections 
caused a significant reduction in the number of adults recovered 10 days after infec- 
tion. However, both 6 and 12 injections produced a response of sufficient strength 
to cause a reduction in the number of larvae recovered from the mice 30 days after 
being challenged with this dose. When a challenging dose of 100 larvae was given, 
6 injections of ES antigen still failed to produce a significant reduction in the 
number of adults recovered 10 days later. Twelve injections, however, resulted in 
the production of immunity as measured in this way. This would suggest a 
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quantitative basis for the immunity, being dependent, as would be expected, upon 
the degree of antigenic stimulation. 

Failure to demonstrate immunity by adult counts following the 200-larvae 
challenge was due, no doubt, to the feeble nature of the immunity. It is generally 
accepted that active immunity produced artificially is less effective in providing 
protection than immunity acquired naturally. In the present case, the antigen used 
was unpurified, and the amount injected probably was considerably less than that 
received by the host in an actual infection. The demonstration that the larvae 
counts were reduced in the injected mice following the 200-larvae challenge confirms 
previous findings that this criterion is more delicate than that of adult counts in 
detecting immunity. Perhaps this can be explained by the observation of Campbell 
(1955) that the adult females can be inhibited sufficiently by the immune responses 
to show outward effects (stunting, etc.) without being eliminated. Such effects 
are known to reduce the reproductive potential so that fewer larvae than normal are 
released. 

The demonstrations in the present study that excretions and secretions of adult 
T. spiralis serve as an effective antigen in stimulating the production of immunity 
in mice adds to the evidence presented by Campbell (1955). 

These results encourage further work on the role of the various phases of the 
life cycle of T. spiralis in the production of immunity. For a considerable period of 


time, there has been general agreement that the immunity is due to the activities of 
the worms in the intestine. With the present findings for the adults, and those show- 
ing that the pre-adults are involved (Campbell, 1955; Kim, 1957), it now seems 
clear that both of the intestinal phases of the parasite play a role in the immunity. 


Because of the lack of information available, future studies on the ES antigen(s) of 
the various phases should be preceded by attempts to purify and ascertain the nature 
of the antigen(s). 

The results of the present study, along with those of Thorson (1951, 1953), 
Campbell (1955), and Chute (1956), lend proof for the generally accepted view 
that excretions and secretions of parasitic nematodes are important antigenic ma- 
terials in stimulating protective responses in the host. 


SUMMARY 


Antigenic material associated with the excretions and secretions of adult Trichi- 
nella spiralis was collected by incubating the worms in a nutrient fluid for 2 days. 
When used unaltered and given in small daily injections, it produced an immunity 
in mice as revealed after certain infections by the presence of significantly smaller 
worm burdens (adults and larvae) than those in controls. Twelve injections were 
required to demonstrate a reduction in the number of adult worms, whereas a re- 
duction in the number of larvae was noted after both 6 and 12 injections. The 
results show that the adult phase of T. spiralis, as well as the pre-adult phase re- 
ported earlier, contributes to the total immunity produced by the host. 
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RESEARCH NOTE 


NEW LOCALITY AND HOST RECORDS FOR THE CESTODE GENUS 
MESOCESTOIDES. 

Four specimens of \esocestoides, representing 2 species, have been recovered in Kansas; 
these findings constitute new locality records for the genus. Three specimens were collected 
from the small intestine of a skunk, Mephitis mephitis, found dead-on-road near Brookville, 
Saline County, Kansas in March, 1956. The other specimen was recovered from the small 
intestine of a coyote, Canis latrans, trapped near St. George, Pottawatomie County, Kansas in 
February, 1957. 

Three immature specimens, lacking mature and gravid proglottids, were collected from a 
skunk by Mr. D. E. Worley, Dept. of Zoology, Kansas State College. They have been identified 
as Mesocestoides latus on the basis of 1) large blunt scolices, 2) short, broad necks, 3) char- 
acteristics of the immature proglottids, and 4) the common incidence of the species in skunks. 

The single mature specimen from the coyote was collected by Dr. H. T. Gier, Dept. of 
Zoology, Kansas State College. It was the only mesocestoid recovered from 1730 coyotes 
examined for parasites, between 1948 and 1957. Such a low incidence indicates that the coyote 
was not a normal host for the parasite. The worm was 51 cm long and contained 830 pro- 
glottids. There were 350 gravid proglottids constituting 38.5 cm of the length. Although there 
was considerable overlapping of specific characteristics, the specimen has been identified as 
Vesocestoides lineatus on the basis of 1) smaller scolex, 2) long thin neck, 3) approximate 
number of testes, and 4) arrangement of testes about the osmoregulatory canals (Mueller, 1928, 
Zool. Jahrb., Syst. 55: 403-418; Witenberg, 1934, Estrallo Arch. Zool. Ital. 10: 467-508). 
If differs from the descriptions of M. lineatus by possessing 1) longer neck (15 mm), 2) greater 
number of testes (63-85) than previous high of 75, and 3) smaller size of the mature and 
gravid proglottids. Discrepancies in characteristics between the specimen examined and pub- 
lished descriptions of M. lineatus probably result from variations due to an abnormal host 
relation. 

The recovery of VW. lineatus from Canis latrans constitutes a new host record for the 
species. The genus has been recovered from the coyote previously: M. kirbyi in California 
(Chandler, 1944, J. Parasitol. 30: 273), M. variabilis in California (Voge, 1953, Amer. Midl. 
Nat. 49: 249-251), and M. carnivoricolis in Utah (Grundmann, 1956, Proc. Helm. Soc. Wash. 
23: 26-28). Mesocestoides lineatus has been reported from the dog in Nebraska (Coatney, 
1936, J. Parasitol. 22: 409). 

A thorough review of the literature indicates that many of the presently named species 
are in reality morphological manifestions of the adaptive potential of the parasite to a variety 
of the hosts over a wide range of localities. This would be similar to the extreme morphological 
variation of Diphyllobothrium ursi in different species of hosts shown by Rausch (1954, J. 
Parasitol. 40: 540-563). Rausch concluded that a species cannot be effectively differentiated 
through the use of morphological features of the adult alone. The statement made in 1925 by 
Hoeppli (J. Parasitol. 12: 91-96) that “there is considerable confusion in regard to the identity 
of the various species which have been assigned to the genus Mesocestoides” is still applicable 
today. As Witenberg (1934) stated, “the most distinctive characters overlap to such an extent, 
that it appears quite difficult to mark out specific limits.” The writers feel that the genus is in 
need of revision before the literature becomes full of synonyms.—I. B. Woop anp J. T. Ha.pr- 
MAN, Department of Zoology, Kansas State College, Manhattan, Kansas. 





A CONTRIBUTION TO THE LIFE HISTORY AND LARVAL 
MORPHOLOGY OF TOXOCARA CANIS* 
JoHN F, SCHACHER 
Department of Tropical Medicine and Public Health, Tulane University School of Medicine 
New Orleans, Louisiana 

Larvae of Toxocara canis cause a common and sometimes severe human disease 
known as visceral larva migrans or larval granulomatosis (Beaver et al, 1952; 
Karpinski et al, 1956, Platou and Beaver, 1956). Larval stages of Toxocara cati 
and possibly other nematode parasites of dogs, cats and other animals likewise 
may be involved (Beaver, 1956). Nichols (1956a, b) has described in experi- 
mental animals the larval morphology, growth and migratory behavior of several 
suspect species along with a number of species that normally occur in man. In 
agreement with others (Smith and Beaver, 1953) he observed no growth or devel- 
opment of 7. canis beyond the infective stage even after many months of migration 
and encapsulation in the tissues. On the other hand, growth of T. canis larvae in 
the tissues of mice was reported by Hoeppli et al (1949), and the adult stages of 
T. canis (and T. cati) have been reported from man ( Mendheim et al, 1952). These 
circumstances suggest that development of larvae of T. canis beyond the second 
stage in human tissues possibly may occur. 

A molt of the larva within the egg of T. canis was first observed by Alicata 
(1934), and the general morphology of the first-stage larva was briefly described 
by Wright (1935). Meanwhile, 2 molts within the egg of Ascaris tarbagan were 
reported (Mozgovoi, 1953), thus raising the question of whether in certain ascarids 
the infective form may be the third- rather than the generally accepted second-stage 
larva. 

In the present study, detailed examination of the developing first-stage larva 
was undertaken to provide further knowledge of its morphology and to determine 
whether when the infective stage is reached the larva has molted once or twice. 
Descriptions of the course of development and the morphology of third- and fourth- 
stage larvae, outlined by Wright (1935), have been expanded to facilitate their 
identification and to give a clearer view of the normal life-cycle pattern in this 


species. Identifying features of the adult ascarids of dogs and cats, Toxocara canis 
(Werner, 1782), Toxocara cati (Schrank, 1788) and Toxascaris leonina (von 
Linstow, 1902), have been reviewed. The taxonomy of these and related species 
has been dealt with by Sprent (1956). 


METHODS 


Eggs were obtained and incubated as described by Nichols (1956a). First- and second- 
stage larvae were studied in eggs treated with 0.5% aqueous solution of sodium hypochlorite 
to remove the outer shell membranes. To obtain advanced-stage larvae, mongrel dogs 2 to 4 
years of age and pups up to 7 months were fed heavy inocula of infective larvae in eggs or in 
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mouse tissues, and were housed separately in metal cages that were sterilized at frequent in- 
tervals to bar accidental infections both before and after inoculations. Infectivity of the 
inoculated eggs was checked by simultaneous mouse inoculation. Larvae were recovered from 
tissues by digestion in trypsin or pepsin as described by Sprent (1952) or by use of Baerman 
isolation from teased fresh tissues. Larvae were also studied in squash preparations of brain, 
liver, kidney and lung, and in stained microsections of these and other organs prepared by 
standard technics. 

Larger larvae and adults were examined in toto after clearing in lactophenol. Dissections 
were mounted in glycerine-jelly and in Baillenger and Neuzil’s (1953) medium by the follow- 
ing modified procedure: the worm or dissected portion was brought to pure glycerine and placed 
on a slide in just enough alginate medium to cover the specimen. After the object was oriented, 
calcium chloride hardening solution was added, solidifying the mount. Excess hardener was 
then removed by gentle blotting, glycerine jelly was added and the preparation was sealed un- 
der a coverglass. Larval stages were treated in the same manner, but these stages were studied 
mostly as living, heat-killed or Bouin’s-fixed specimens in temporary mounts. A 1% aqueous 
solution of sodium alginate was used advantageously to inhibit movement of living larvae. 


RESULTS 


Representatives of each of the 5 developmental stages were obtained for study. 


First- and second-stage larvae in the egg were obtained from cultures, all others 
from dogs—second-stage from the liver, lungs and kidneys, third from the lungs, 
TABLE I — Size in mm, stage and sex of larvae recovered at various periods from 


different tissues of (A) suckling pups given infective larvae in eggs, (B) pups 
prenatally infected and (C) an adult male fed larvae in an infected mouse 
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trachea, esophagus and stomach, fourth mostly from the stomach but some also 
from the intestine, and fifth from the intestine only (Table I). 


The First-Stage Larva 

In eggs incubated in 0.5% formalin at 26° to 30° C the embryo becomes vermi- 
form in about 5 days. Earlier, it is without a cuticular covering and usually can 
not be pressed from the egg without damage. 

At 5 days the body has a bluntly rounded anterior end and a pointed tail ending 
in a small knob. In heat-killed specimens, the tail tends to angle slightly dorsad. 
Roughly 3 areas are visible: a hyaline esophageal region with scattered, large, 
refractile globules and dark granules ; a dense intestinal region packed with refractile 
spherules ; and a tail region of about the same density as the esophageal area. The 
excretory pore, anus and rectal structures are not differentiated. Under high mag- 
nification, a faint outline of the esophagus may be seen, but the posterior portion 
of this organ is masked by granules and globules, somatic nuclei, and primordial 
ganglionic cells. The funnel-shaped stoma, approximately 2 microns in diameter 
does not quite reach the esophagus, and at the surface appears to be closed by the 
cuticle (Plate I, Fig. 1). All remaining internal structures are hidden by spherules. 
The cuticle is smooth and without alae. At 6 days, 47 heat-killed specimens were 
396 to 494 microns long (mean, 445), and 19 to 21 microns wide (mean, 20). 

Until the first molt, no definite lips are evident. Prior to this time, the stoma 
is merely a thin cuticular tube extending to the esophagus where at their junction 
a thickening of the cuticle forms a ring (Plate I, Fig. 2). As growth proceeds, 
the buccal cavity of the second-stage larva forms around this tube, taking the form 
of a globular cavity, which first enlarges, then becomes progressively smaller as 
the lips take shape. By the 8th day, the anterior lining of the esophagus begins to 
shed, forcing forward the cuticular ring which then appears as 2 dots in optical 
section. A distinct triradiate buccal cone extends forward from the esophagus 
(Plate I, Fig. 3). 

Molting may occur as early as the 9th day. The buccal cone at this stage 
assumes a rounded funnel shape, but retains its triradiate appearance at the outer 
margin (Plate I, Fig. 4). The excretory pore, anus, and genital primordium be- 
come evident, the latter being located at the level of the fourth of 7 intestinal cells, 
approximately 250 microns from the anterior end of the body. Twenty-five larvae 
at this time were 348 to 532 microns long (mean, 385) and 18 to 21 microns wide 
(mean, 19), with a mean esophageal length of 146 microns. A dorsal hump approx- 
imately 15 microns from the tip of the tail disappears as molting is completed. 

In a very small percentage of the larvae, a thin cuticular sheath surrounding 
the cuticle of the first molt may be seen at one or both ends of the body (Plate 1, 
Figs. 5, 6,7). Since this feature was only occasionally evident, it apparently does 
not indicate 2 separate molts within the egg, but rather a splitting or swelling of 


the cuticle. 


The Second-Stage Larva 

The infective second-stage larva from the egg and from the tissues of mice has 
been described by Nichols (1956a). Removed from tissues of the normal host, it 
differs but slightly if at all in size from those derived from either eggs or mice. 
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Four hundred specimens measured after removal from tissues of 10 female dogs, 
1 male, and 3 suckling puppies at times ranging from 18 hours to 2 months after 
infection, regardless of host age, tissue type, or time, had a mean length of 402 
microns and a mean diameter of 19 microns at the esophago-intestinal junction. 
Molting was not observed. Nichols recorded the length and width of 150 larvae 
from the egg as 404 and 18 microns respectively. Sections of encapsulated larvae 
in the dog’s tissues showed no evidence of further development or molt. 


The Third-Stage Larva 


The smallest third-stage larva seen in this study, recovered from the stomach 
of a suckling pup on the third day of infection, was 510 microns long by 20 microns 
wide. Its esophagus, 149 microns in length, was slightly longer than in the second 
stage. With the exception of the greater length, clarity of the body, and an almost 
imperceptible growth of the excretory cell, only 2 features differed markedly from 
the second stage: the intestine showed cellular multiplication with a lumen contain- 
ing particulate matter, while the tail, which formerly had turned dorsal at an acute 
angle, was curled abruptly to form a rigid hook (Plate I, Figs. 11, 12). 

The lips of third-stage larvae become increasingly prominent (Plate I, Figs. 9, 
10). Oral papillae are visible in living specimens slightly longer than 0.6 mm, but 
in cleared specimens these structures cannot be demonstrated in individuals shorter 
than 0.8 mm. 

The esophagus is divided into 4 regions (Plate I, Fig. 11). The first of these 
is a short, slender procorpus, which begins at the base of the lips, communicating 
directly with the buccal space, and extending posteriad for about one-fifth the length 
of the organ. Here it widens to form the prominent metacorpus, usually filled in 
its dorsal sector with zymogenic granules of the dorsal esophageal gland. The 
metacorpus narrows gradually into a long, slender isthmus, running through the 
nerve ring and its associated ganglionic network to end in an abrupt enlargement 
joined to the prominent bulb which now is faintly set off as a true ventriculus. 
Within the ventriculus are the esophageal gland nuclei—l dorsal and 2 smaller 
subventrals (Plate I, Figs. 8, 11). The dorsal gland nucleus occupies virtually 
the whole posterior third of the dorsal segment. It is usually surrounded by a 
granular zone which may extend into one or both of the subventral sectors as well. 
The nerve ring is located just anterior to the excretory pore, immediately anterior 
to the middle of the esophagus. The lateroventrally placed renette-cell nucleus is 
at or immediately in front of the junction of the isthmus with the ventriculus. The 


excretory system, as in the second stage, is a modified, H-type with extremely 


short anterior trunks (Plate I, Fig. 8). The excretory duct can be traced for a 
considerable distance inward from the pore but its union with the cell is not evident. 

The junction of the intestine with the esophagus is without special features. 
The intestinal wall is thick, containing many granule-filled cells, and the lumen 
normally contains particulate matter. 

The genital primordium is a narrow mass 25 to 35 microns long; in the more 
advanced third-stage larvae it may show proliferation anteriorly (Plate I, Fig. 11).. 
Slight sexual differences can be seen in the advanced third stage. Male larvae 
show 6 gland cells clustered about the rectum, the exact relationships of which 
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vary somewhat. In the female there are 3 large, distinct cells with prominent 
nuclei, 1 dorsal to the rectum, the other 2 laterally or lateroventrally placed. The 
hooked tail of living specimens is carried stiffly, with little or no flexion during 
movement. 

Cuticular striations become evident over the entire body by middle-third stage. 
Amphids and phasmids apparently differentiate later, but in a larva 0.6 mm long, 
postdeirids were observed near the lateral line at about midbody. Deirids (cervical 
papillae) are visible in some larvae at the level of the nerve ring. Thir lateral 
alae, widest at the level of the ventriculus, run from about 20 microns behind the 
mouth almost to the level of the anus. 

In the largest third-stage larva observed (1.41 mm) the lips were prominent 
structures with an apical notch in the central cuticular border of «ach. Extending 
outward from the protoplasmic core, the oral papillae were well developed, 2 on 
the dorsal, and 1 on each of the subventral lips (Plate I, Fig. 10). 

The second molt apparently occurs when the larva approaches 0.5 mm in length, 
while the third takes place when it approximates 1.5 mm. The smallest larva ob- 
served with fourth-stage characters was 1.66 mm in length. 


The Fourth-Stage Larva 


Yourth-stage larvae were recovered from the stomach anc small intestine 
of suckling pups 7 to 15 days after inoculation and as early as 72 hours after 
birth of prenatally infected pups (Table I). The lips of this stage are only slightly 
set off. They are larger in comparison with the body diameter but otherwise are 
essentially the same as those of the adult. The subventral lips each bear a small 
amphid near an equally small laterai papillae and a conspicuous, centrally placed, 


fused papilla, while the dorsal lip bears 2 such structures, one near each lateral 
margin. The labial core in the smaller larvae shows only a slight central indenta- 


tion in the anterior margin (Plate I, Fig. 13), while in more mature specimens, 
as in the adult, this cleft increases to a depth of 1/3 the length of the lip. Viewed 
from the surface, the pulp appears bilobed, with the bluntly pointed distal tips of 
the branches directed inward toward each other. One or both of the tips may 
show a slight, incomplete secondary digitation (Plate II, Figs. 1, 10). 

The esophagus extends well into the base of the lips (Plate I, Fig. 13). Its 
relative length varies inversely with the size and development of the body. In 
the early fourth stage its length is slightly less than 1/6 that of the body. Except 
in the smallest individuals, there is no metacorpal swelling, the esophagus being 
divided only into a club-shaped proventriculus and a distinct ventriculus (Plate IT, 
Fig. 4). Within the ventriculus, the prominent nucleus of the dorsal esophageal 
gland is embedded in the posterior dorsal sector (Plate II, Fig. 4). The course 
of the dorsal gland duct with its many small outpocketings can be followed easily 
in some of the larger larvae. The nuclei of the subventral glands usually are not 
evident. 

The excretory system is relatively inconspicuous in the smaller larvae of this 
stage, but in those longer than 5.0 mm its lateral trunks resemble those of the adult, 
extending from near the base of the lips to just behind the recto-intestinal junction. 

Lateral alae extend from the base of the lips to just posterior to the recto- 
intestinal junction in smaller larvae, while in more mature specimens, they dis- 
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appear at about the middle of the body. Maximal development of these structures 
occurs at the esophageal level where they measure 50 to 60 microns in height. 

Female larvae are distinguished by the number and size of the rectal gland 
cells, and by the long, tapering tail terminating in a sharp hook, curved dorsally 
or dorsoventrally (Plate II, Figs. 5, 8,9). The rectal gland cells are the same 
in number and position as in the third stage (Plate II, Figs. 8,9). Small, papilla- 
like phasmids, the external apertures of which are minute oval slits, are located 
2/3 the distance from anus to tail tip ( Plate II, Figs. 5, 8, 9). 

In a specimen 3.2 mm in length, the definitive female genital system was essen- 
tially differentiated, although the vulva was not yet patent. The vagina vera and 
vagina uterina were undifferentiated and very short, measuring about 50 microns 
in combined length (Plate II, Fig. 2). Two genital branches extended back on 
the lateroventral margins of the intestine for about 0.12 mm to terminate in an 
elongate cell with a large, round nucleus. In the more advanced fourth-stage 
females, the vulva is a transverse slit, heavily chitinized along the rim (Plate II, 
Fig. 3). The vagina vera is very short. The vagina uterina likewise extends a 
very short distance, then bifurcates into the 2 uteri which join indistinct oviducts 
some distance behind the vulva. Simple, non-convoluted ovaries reach nearly to 
the rectum. 

In male larvae measuring approximately 8.0 mm, the testis extends barely into 
the anterior third of the body, and appears to consist of a straight cord of cells 
with an indistinct lumen, terminating in an elongate cell with a large, eccentric 
nucleus. Posteriorly, it joins an indistinct, thin-walled undifferentiated tube which 


extends to within a short distance from the cloaca. Spicules appear in larvae ap- 


proximately 7 mm in length, although they are not yet chitinized. In the advanced 
fourth-stage larvae the spicules become chitinous, subequal and alate, the right being 
slightly the longer. The tail terminates in a stout, digitiform appendage with a 
small, hooked, terminal spike (Plate II, Figs. 6, 7). Two large postanal papillae 
with depressed caps are situated at the posterior lateral margins of the cloacal lips. 
Each side of the tail appendage bears 2 lateroventral and 2 dorsolateral papillae, 
and a phasmid slightly dorsal to the lateral line. The preanal papillae are 10 or 
more in number in a nearly straight, regular row on either side. 

The final molt apparently occurs when the larvae reach 17 to 20 mm in length 


(Table I). 


The Fifth-Stage (Immature Adult) 


In the immature adult the lateral alae, formerly extending at least half the 
length of the body, are restricted to the cervical region. The hooked tail of the 
third and fourth stages also is lost. Although the body is much increased in 
length, the lips are only slightly larger than those of the fourth stage, giving them 
a set-off appearance (Plate II, Fig. 1). The alae assume a characteristic lanceolate 
shape, and are differentiated into a thick basal portion and a thinner margin sepa- 
rated by what appears to be a channel (Plate II, Fig. 1). Fine cuticular annula- 
tions occur similarly in advanced third- and fourth-stage larvae and adults. The 
morphology of the sexually mature worms, previously described and reexamined 
in the present study, is reviewed below. 
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DISCUSSION 


The problem of recognizing advanced-stage larvae of Toxocara canis in human 
tissues or exudates now seems at best a very remote possibility. Indications of 
growth of second-stage larvae in experimental animals and 2 reports of recovering 
adult worms from the human intestine (Mendheim e¢ al, l.c.) earlier had initiated 
interest in the detailed morphology of developmental stages beyond the early second 
stage. At present, however, there appears to be no evidence to support those ob- 
servations. 7. canis larvae have been found on numerous occasions in human 
tissues, always apparently identical with the early second stage (Nichols, 1956a; 
Beaver, 1956). Moreover, the adult stage apparently has not actually been found 
in man. On reviewing the records, the writer and Sprent (1956) independently 
came to the conclusion-that in both instances the species involved was Toxascaris 
leonina, not Toxocara canis. This is particularly clear in regard to Leiper’s (1907) 
record. He stated that on superficial examination of worms labeled “Ascaris 
lumbricoides (from man)”, earlier sent to Dr. Looss’ laboratory in Cairo where 
he (Leiper) was then working, he noted the cervical alae and concluded “for the 
nonce, that this was another case of Ascaris mystax in man.” On closer examina- 
tion, however, he was struck by the linear appearance of the alae, and further studies 
on these and other worms convinced him that not only were there 2 distinct mor- 
phological types of worms found in cats and dogs, but that these belonged to 2 
separate genera. He then described the 2 genera: Belascaris, having as its type 
species Ascaris mystax of Zeder (1800) (Toxocara cati), and Toxascaris, with 
Ascaris leonina of von Linstow (1902) as the type. Being well acquainted with 
the “cat” ascarid, and already having definitely stated that the helminths found at 
autopsy were not these, the conclusion must be drawn that Leiper intended to 
imply, but did not definitely state, that these specimens were identical with von 
Linstow’s A. leonina, and therefore should be assigned to his new genus as To-ras- 
caris leonina. It is very probable that Mendheim et al (1952) incorrectly assumed 


that the “dog ascarid” observed by them was the Ascaris canis of Werner (1782), 
which is now known as Toxocara canis. They reported finding T. canis in a 42- 
year-old male suffering from anacid gastritis, who, on energetically clearing his 
throat, brought forth a grey-white worm 10 cm in length. They identified this 
parasite as a female To.xocara canis on the basis of its “geringelten Cuticula und 
den schmalen Cervical-fligeln.” It is not possible to differentiate between speci- 


mens (particularly females) of Toxocara canis and Toxascaris leonina using only 


the presence of cuticular corrugations and slender cervical alae as diagnostic criteria. 

Chiefly as a result of studies by Sprent (1954) important recent advances 
have been made in the knowledge of the life-cycle patterns among the members of 
the Ascarididae. Noteworthy among the newer concepts is the view that the 
primitive life cycle of Toxocara spp. involved an obligatory intermediate host and 
that the behavior of infective-stage larvae of T. canis in man and other abnormal 
hosts is a reflection of that earlier relationship. In a study of all stages in the 
life cycle of T. cati, Sprent (1956) has shown that cats are readily infected by 
feeding larvae encysted in the tissues of mice. Moreover, larvae thus inoculated 
into cats tended to complete their development without migration to the lungs, 
whereas those inoculated directly in eggs mostly, though not exclusively, migrated 
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to the lungs before proceeding with development in the stomach and intestine. In 
the present study infections were readily established in suckling pups by oral in- 
oculation of larvae in eggs, and 1 animal (male) was infected from larvae in mouse 
tissue. As far as could be determined there was no direct development of T. canis 
in the alimentary tract without prior lung migration and there was no evident stage 
of development in the tissues of the stomach wall. These matters should perhaps 
be restudied. Sprent found slight but apparently significant advance was made 
in the development of 7. cati in the tissues of mice. Much less if any such advance 
has been detected in T. canis. Nichols (1956a) noted a minor change in the excre- 
tory cell within a few hours after inoculation into mice but no growth and no 
fundamental morphological changes were detected. Moreover, larvae could be 
passed from mouse to mouse repeatedly. Even after 2 years in mouse tissues, 
T. canis larvae are infective to other mice (Beaver, 1956). The question of whether 
there are indeed fundamental differences in the migratory behavior of T. canis and 
T. cati. larvae in abnormal (intermediate?) hosts is not entirely clear; but in respect 
to their behavior in the normal host the two species are clearly set off by the com- 
mon, apparently normal prenatal infection in 7. canis, entirely lacking in T. cati 
(Sprent, 1956). As regards this phenomenon in T. canis, there is yet doubt as to 
whether the encapsulated larvae so commonly found in the tissues of the dog, 
abandon the capsules to enter the fetal tissues (Yuctuc, 1954). This has not been 
demonstrated satisfactorily, whereas direct migration from maternal to fetal tissues 
has been demonstrated repeatedly (Noda, 1954). 

In most respects, the morphology of the larval stages of T. cati as described by 
Sprent (1956) and the corresponding stages of T. canis as described by Nichols 
(1956a) and the writer are in general agreement. Structural details of the first- 
stage larva had not been studied previously. Of chief interest regarding it was the 
number of molts preceding the infective stage, a question raised by Dubinin’s (1943) 
report (Mozgovoi, 1953) in which 2 distinct molts were described for stages within 
the egg of Ascaris tarbagan. The 2 shed cuticles, or 2 layers of 1 swollen cuticle, 
seen occasionally on second-stage larvae of T. canis are not interpreted as evidence 
of a true molt. 

While in the third, fourth and fifth stages the esophagus of T. canis has a well 
differentiated ventriculus, this structure is not present earlier. Nichols likewise 
found it lacking in the second stage of T. cati, contrary to Sprent’s observation. 
Another second-stage structure, on which the present study is in agreement with 
Nichols only, is the intestine in which there are exactly 7 large cells, linearly ar- 
ranged without a lumen. Cephalic papillae were not observed earlier than the third 
stage. It should be reported also that the cuticular structures which Sprent ob- 
served protruding forward from the mouth region of the second-stage larva of 
T. cati and interpreted as evidence of the second molt were observed by the writer 


and by Nichols but were interpreted as artifacts produced by handling, particularly 


fixation with heat. The present and Sprent’s descriptions of the third and more ad- 
vanced stages of T. canis and T. cati differ only in cell details as would be expected 
in different species of the genus. 

For the reason that the several species of dog and cat ascarids were not specifi- 
cally recognized, early studies on their development are unreliable in details. 
Leuckart’s (1876) observations on what he designated Ascaris mystax apparently 
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were made in part on T. canis and T. cati, but mostly the latter. Wright’s (1935) 
description of a larval T. canis from the esophagus of a pup 7 days after inoculation 
is in agreement with the writer’s observations on the third-stage larva. 

The 3 common species of ascarids of dogs and cats (Toxocara canis, Toxocara 
cati and Toxascaris leonina) are not easily distinguished. They are all medium- 
sized worms and all possess cervical alae and cuticular corrugations. Still, they 
need not be confusing as each bears several distinctive features that have been de- 
scribed a number of times (Railliet and Henry, 1911; Taylor, 1924; Yorke and 
Maplestone, 1926; Christensen and Roth, 1949). T. canis occurs in domestic dogs 
and other Canidae, 7. cati in domestic cats and other Felidae. Each is said to 
occur in both groups but this is doubtful, particularly as regards T. cati (Sprent, 
1956). TJ. leonina occurs commonly in both canine and feline hosts but its geo- 
graphic distribution is peculiarly discontinuous (Beaver, 1956). Cleared specimens 
can be recognized on the basis of differences in the esophagus and alae. The To.xo- 
cara species, in all stages beyond the second, display a prominent ventriculus dis- 
tinctly set off from the rest of the esophagus while this structure is lacking in T. 
leonina. The short broad alae of T. cati sharply contrast with the long slender alae 
of T. canis and T. leonina. The surface of the eggs of T. canis and T. cati is con- 
spicuously pitted; in T. leonina it is smooth. Except by examination of the eggs, 
T. canis and T. leonina can not be reliably distinguished without dissection or 
clearing of specimens, although the more attenuated anterior third or fourth of the 
body in the female 7. /eonina usually is a satisfactory trait for the experienced 
worker. Also, in the male of the Toxocara species the body narrows abruptly be- 
hind the cloaca forming a digitiform appendage, while in T. leonina tapering back 
of the cloaca is gradual. At the anterior end, the body tends to flex dorsally ir 
T. leonina, ventrally in the Toxocara species. Only T. canis has oviducts extending 
anterior to the vulva. In both Toxocara species the vagina uterina is approxi- 
mately the same length as the uterine branches while in Toxascaris leonina it is 
very short, hardly longer than the vagina vera. Ovaries are posterior, near the 
rectum in T. cati and T. leonina while they are about halfway between the uterus 
and rectum in T. canis. T. canis and T. leonina have short spicules, a little longer 
than the width of the body at their bases, whereas the length of T. cati’s spicules 
is 3 to 5 times greater. Examination of unusual ascarids from man sheuld include 
attention to several or even most of these features. 


SUMMARY 


New methods for the study of living nematode larvae and for preparing enface 
mounts utilizing sodium alginate are given. 


The morphology of the 5 developmental stages of Toxocara canis is described. 
The first molt occurs in the egg at about 9-15 days under optimum conditions ; the 
second normally occurs in the lungs 1 to 4 days after inoculation; the third and 
fourth in the stomach or intestine, 3 to 7 days and 2 to 3 weeks respectively after 
inoculation. In prenatal infections the final molt may. be completed in less than 
10 days. Lengths are roughly 0.4 mm at the first molt, 0.5 mm at the second, 
1.5 mm at the third, and 17 to 20 mm at the last. During the first stage the body 
wall, nervous, excretory and digestive systems are developed ; in the second (infec- 
tive stage) there is little further differentiation although minor changes occur in 
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the excretory structures; in the third, the digestive system becomes essentially 
differentiated, ascarid-type lips appear, and sexual differentiation is initiated; in 
the fourth, along with considerable growth, the adult-type lips and sexual differentia- 
tion are essentially completed ; and in the fifth the principal developmental features 
are growth, sexual maturation and enormous expansion of lateral alae which appear 
in the second stage along the length of the body but disappear posteriorly late in 
the fourth and become limited to the cervical region in the fifth stage (adult). 

An interesting feature suggestive of a second in ovo molt is described and inter- 
preted as an artifact produced by handling. 

Previous studies on T. canis and related species are discussed with reference 
to the variation in life-cycle patterns and morphology, the probability of occurrence 
in man, and the :eliability of diagnostic features used in the identification of T. canis, 
T. cati and Toxascaris leonina. It is concluded, in accord with Sprent (1956), 
that there is no reliable record of intestinal infection with 7. canis in man, human 
infections being limited to the second-stage larva in the tissues. 
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ABBREVIATIONS USED IN ILLUSTRATIONS 


Amphid NR Nerve ring 

Buccal cone OA Outer division of cephalic ala 
Cervical ala OLP Outer division of lip pulp 
Dorsal lip PAP Post-anal papilla 

Dorsal esophageal gland nucleus PH Phasmid 

Dentigerous ridge PP Pre-anal papilla 

Excretory cell nucleus PRO  Procorpus 

Excretory tubule PV Proventriculus 

Fused outer circle papillae RGC_ Rectal gland cell 

Genital primordium SP Spicule 

Inner division of cephalic ala SPR _ Spicule retractor 

Inner division of lip pulp UT Uterus 

Intestine ‘ Ventriculus (bulb) 

Isthaus T Ventral lip 

Lateral ala ry Sub-ventral esophageal gland nucleus 
Metacorpus U Vulva 


EXPLANATION OF PLATE I 


(All figures drawn with the aid of a camera lucida.) 

Ficure 1. Lateral aspect of anterior end of first-stage larva at five days incubation, show- 
ing esophagus and stoma. 

Figure 2. Lateral aspect of anterior end of middle first-stage larva showing the oral ap- 
paratus as a straight tube connected to the tip of the esophagus, and the developing second-stage 
lips. 

Ficure 3. Anterior end of advanced first-stage larva showing cuticle being shed from 
the esophagus, with formation of a buccal cone at the tip of the esophagus. Dorso-lateral view. 

Ficure 4. Lateral view of second stage showing rounded buccal cone, ventral lips and 
bulging of ventral lip cuticle, and remains of first stage buccal apparatus still adherent to the 
molted cuticle. 

Figures 5-7. Lateral views of two heads and one tail of second-stage larvae showing a 
second cuticle. 

Ficure 8. Posterior esophagus of middle third-stage larva showing esophageal glands in 
the ventriculus, the excretory cell and tubule, and the esophago-intestinal junction. Lateral 
aspect. 

Ficure 9. Anterior end of cleared early third-stage larva showing apical notch in the 
cuticle of the three prominent lips. Lateral view. 

Figure 10. Ventral view of anterior end of late third-stage larva showing lateral alae and 
oral papillae. 

Ficure 11. Lateral aspect of early third-stage larva showing all structures visible in the 
cleared specimen. 

Figure 12. Lateral view of tail of advanced third-stage male showing hooked tip and rectal 
gland cells. 

Ficure 13. Ventral view of early fourth-stage larva at anterior end showing the beginning 
of lobulation of supporting elements of the lips. 


EXPLANATION OF PLATE II 


(All figures drawn with the aid of a camera lucida.) 
FicureE 1. Lips and anterior cephalic alae of young adult seen from ventral aspect. 
Figure 2. Ventral view of developing female genital system in early fourth-stage larva. 
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Figure 3. Lateral view of vulva and uterus in late fourth-stage female. 

Ficure 4. Lateral aspect of anterior end of advanced fourth-stage larva showing especially 
the esophageal structures. 

Figure 5. Ventral aspect of advanced fourth-stage female tail showing details of phasmids 
and dorso-laterally curved spike at extreme tip. (Same larva as in Fig. 9). 

Ficure 6. Advanced fourth-stage male showing all structures of tail visible from lateral 
aspect. 

Ficure 7. Advanced fourth-stage male showing all structures of tail visible from lateral 
aspect. 

Ficure 8. Advanced tourth-stage female showing structures of tail visible from lateral 


aspect. 

Figure 9. Ventral aspect of advanced fourth-stage female showing structures of tail visible 
from ventral view. 

Ficure 10. Slightly flattened lips of an advanced fourth-stage larva showing external 
structures of the subventral lips and internal structures of the dorsal lip. 


RESEARCH NOTE 


ON THE STRAIN CHARACTERISTICS OF SCHISTOSOMA JAPONICUM 
FROM TWO ISOLATED ENDEMIC AREAS IN JAPAN 


By the exposure of the various intermediate hosts to miracidia, it has been demonstrated 
that there are at least 4 geographic strains of Schistosoma japonicum, i.e., Chinese, Formosan, 
Japanese, and Philippine (DeWitt, 1954, J. Parasitol. 40: 453-456). It has also been shown 
that differences in the prepatent period in a given definitive host and the size and shape of the 
eggs are good criteria for distinguishing the strains (Hsii and Hst, Trans. Roy. Soc. Trop. 
Med. Hyg., in press; Hsii and Hsti, Am. J. Trop. Med. Hyg., in press). Japan and the 
Philippines consist of a number of islands and the endemic foci are often widely separated. In 
the present study the 2 criteria mentioned above have been used to determine whether strains 
of the parasite exist in the widly separated Kyushu and Yamanashi foci in Japan. 

Thirty albino mice were exposed to cercariae of Oncomelania nosophora from each of the 
2 selected endemic areas. The mice were infected by the cutaneous route, using 60 cercariae 
of equally divided sexes. Beginning from the 30th day of the infection, the stools of each mouse 
were examined. The eggs were concentrated in physiological saline by the sedimentation method. 
The prepatent period was defined as the period from the day of infection to the day previous to 
the finding of the first mature egg. The eggs were measured in physiological saline for length 
and width on the 4th day after the mature eggs were found. Fifty mature eggs were measured 
from each mouse. Tilted eggs were re-oriented by tapping the cover glass with a needle. The 
width/length x 100 was used as an index of egg size. 

The mean length of the prepatent period for the Kyushu schistosome was 34.7 days and 
for the Yamanashi schistosome it was 34.8. The 95% interval estimates of the population 
means were 34.2 to 35.3 and 34.0 to 35.7 days, respectively. The standard deviation of the 
prepatent period for the Kyushu schistosome was 1.2 and for the Yamanaslii 1.7. The difference 
between the means of the prepatent periods and the difference in variability of the schistomes 
from the 2 areas were not significant. 

Using each mean of the 50 eggs from each of the 60 mice as a variate, the F test was used 
to compare the variation of the lengths, widths, and indices of the eggs between the 2 samples 
to those within the samples. The degree of freedom was 1 for the numerator and 58 for the 
denominator. The F value was 1.15 for the length, 4.85 for the width, and 1.21 for the index. 
The results showed that at the 2.5% level of significance, the differences between the 2 samples 
from the 2 endemic areas were not significant in the length, width, and index. 

It was concluded that S. japonicum from Kyushu and Yamanashi, 2 well separated endemic 
areas in Japan, has no significant differences in the prepatent period and the size and shape of 
the eggs in albino mice. 

This investigation was supported by research grant E.-939 (C2), National Institute of 
Allergy and Infectious Diseases, of the National Institutes of Health, United States Public 
Health Service. We are grateful to Dr. Paul Blommers, Professor of Statistics, College of 
Education, State University of Iowa, for his criticism and reading of the manuscript—H. F. Hsis 
AND S. Y. Lt Hst, of Hygiene and Preventive Medicine, College of Medicine, State University 
of lowa, Iowa City, Lowa. i 
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THE LIFE-CYCLE OF DIPLOSTOMUM BAERI EUCALIAE 
N. SUBSP. (TREMATODA: STRIGEIDA)* 


GLENN L. HOFFMAN AND JAMES B. HUNDLEY 


Bacteriology Department, University of North Dakota 


During the summers of 1953, 1954, and 1955, many brook stickleback, Eucalia 
inconstans, from the English Coulee, a small stream in Grand Forks, were found 
infected with an unrecorded species of diplostomulum metacercaria; its life cycle 
has been reported in abstract (Hoffman, 1955). In 1953, 51 (82%) of the 62 
sticklebacks examined were infected, but in 1955 a much smaller number was in- 
fected ; no exact records were kept in 1954 and 1955. The number of diplostomula 
per fish ranged from 0 to 335. During the summer of 1956 lightly infected stickle- 
back were also found in Turtle River, Kelly’s Slough, and Freshwater Coulee. 


Figure A. Lateral section through optic lobe of Eucalia inconstans showing parasites in 
“sack.” 

Ficure B. Cross section through “sack” stained with silver showing a metacercaria and 
the basement membrane of the metaplastic or hyperplastic columnar epithelium. 


The diplostomula were located in the ventricles of the optic lobes and in greater 
numbers in a tumor-like cyst at the postero-lateral margin of the optic lobes (Fig. 
15). The tumor-like structure consisted of an out-pocketing of the dura which en- 
closed the worms in a pocket above the pia mater (Fig. A). Surrounding each 


worm was a rather substantial amount of metaplastic or hyperplastic tissue resem- 
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bling columnar epithelium (Fig. B), origin undetermined. Each worm appeared 
to remain in its own little niche in this tissue, although it had limited movement 
within it. In fresh material the diplostomula were seen actively moving around, 
each in its own niche. Experimental development of the proliferative tissue is being 
studied and will be reported elsewhere. 

The fluid in the infected ventricles was cloudy with cells which in sections re- 
semble leucocytes. The fluid in uninfected ventricles was clear. 

No record of a comparable structure in fish could be found, although 5 species 
of strigeid metacercariae, none in North America, have been recorded from the 
brain of fish. The metacercaria of Diplostomum pelmatoides Dubois (Diplostomu- 
lum phoxini) has been studied from the brain of Phoxinus phoxinus in Europe by 
Ashworth and Bannerman (1927) and Rees (1955). Rees’ description is, “On 
closer examination the worms do not appear to be free in the cavities of the brain, 
but seem originally to be located under the epithelium lining the cavities. This 
they raise up, there being an apparent proliferation of vacuolated tissue underneath 
in which the worms lie, each in its own little compartment, so that they do not touch 
one another.” She reared the metacercaria to adult in young domestic ducks. In 
France, Arvy and Buttner (1954) have also completed the life cycle of Diplostomu- 
lum phoxini; metacercaria in Phoxinus laevis, adult in young domestic ducks, and 
sporocysts in Limnaea auricularia. Szidat and Nani (1951) have described Dip- 
lostomulum mordax and Tylodelphys destructor which invaded and destroyed tis- 


sue of the cerebellum, optic lobes, cerebrum, and optic nerves of the fish, Basilich- 


thys spp., in Argentina, but they reported no tissue proliferation such as was found 
in the present study. Diplostomulum petromyzi-fluviatilis from the brain of the 
cyclostomes, Petromyzon fluviatilis and P. planeri of Europe, also does not produce 
such a structure (Brown, 1899). The only other strigeid reported from the brain 
of fish is Diplostomulum craniarium (Diesing) which has been reported only once 
(Leydig, 1853) from the cranial cavity of the Cobitis fossilis in Europe ; it probably 
also did not produce such a tumor-like structure, although we have not seen the 
original paper. 

There was no evidence of disease in the freshly collected fish, and infected ones 
that were held in aquaria died no more rapidly than did uninfected ones. The 
only other strigieds seen in the sticklebacks were 3 specimens of a diplostomulum 
about half as large as the present one. Although otherwise similar to the present 
species, it is believed to be different because it could not be reared experimentally. 

The size of the fish examined ranged from 3.2 to 6.2 cm. Few of those under 
4 cm were infected and the 9 largest fish (5.7 to 6.2 cm) possessed the heaviest 
infections. Hence the infection appears to be accumulative, rather than acquired 
only during the first 2 years, as is the case in infections with another strigeid, 
Uvulifer (Neascus) ambloplitis as reported by Hoffman (1953). 


THE EXPERIMENTAL ADULT 


Adults were obtained by force-feeding metacercariae to newly hatched unfed 
chicks and also by injecting metacercariae into the body cavity of newly hatched 
chicks. In the first experiments, 3 chicks were given 200, 350, and 400 metacer- 
cariae per os respectively. The chicks were fed commercial dog chow after the 
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third day. The first chick yielded 43 egg-producing adults at autopsy on the 
third day ; the second yielded 2 on the fourth day, and the third yielded 21 on the 
sixth day. The worms were found in the upper third of the small intestine and 
appeared normal. Later, 6 chicks were given 120 to approximately 1,500 meta- 
cercariae each and autopsied at 3 to 13 days; these chicks yielded 2 to 159 worms 
each. There is no correlation between numbers of worms given and number re- 
covered, or the length of time in the chick and the number recovered; it is possible 
that many of the metacercariae were not yet mature. One hundred sixty, 400, 
300 and 100 metacercariae respectively were injected into the visceral cavities of 
4 chicks. Forty-seven egg-producing adults were recovered from the first chick 
at 5 days; 11 were recovered from each of 2 chicks at 18 and 20 days, and none 
were recovered from the fourth chick. Egg-producing adults were first recovered 
at 3 days. Eggs recovered from both intestine and visceral cavity, as well as from 
worms, appeared normal and many developed active miracidia when incubated in 
water. 

In attempts to find other experimental hosts, the following results were obtained 
from force-feeding experiments: (1) One half-grown grackle, probably Quiscalus 
sp., fed about 150 metacercariae, died 2 days later; no trematodes could be found. 
(2) One domestic pigeon, Columba livia, was fed 223 metacercariae ; no trematodes 
were found at autopsy 5 days later; this bird was fed corn. (3) Two wild gulls, 
Larus franklini, dewormed with dibutyl tin dilaurate, were fed many naturally in- 
fected fish over a period of 8 days. At autopsy, 1 contained no strigeids, the other 
contained 1 Diplostomum spathaceum. (4) One fledging mourning dove, Zenai- 
dura macroura, fed 175 metacercariae, died 3 days later; 5 immature specimens 
were recovered in which the vitellaria were not discernible but the gonads were 
nearly mature ; this bird was fed condensed milk. (5) One screech owl, Otus asio, 
fed 98 metacercariae, yielded 2 ovigerous adults 4+ days later which were identical 
with the ones obtained from the chicks; it is probable that they came from the ex- 
perimental feeding. This bird was fed laboratory mice. 

In addition to the experimental attempt to find the final host, the following 
birds, collected in the locality of the infected fish (Aug. 20-Oct. 1), have been ex- 
amined and found negative for Diplostomum baeri eucaliae, although it is quite 
certain that most, if not all, had ample opportunity to become infected: 2 kingfish- 
ers, Ceryle alcyon, 2 pied billed grebes, Podylimbus p. podiceps; 1 blue-winged teal, 
Anas discors; 1 greater yellow legs snipe, Totanus melanoleucas; 3 lesser yellow 
leg snipe, Totanus flavipes ; 5 bittern, Botaurus lentiquinosus ; 1 killdeer, Charadrius 
v. vociferous; 1 semipalmated sandpiper, Ereunetes pusillus; 1 mourning dove, 
Zenaidura macroura; 3 marsh hawks, Circus cyaneus hudsonius; one great blue 
heron, Ardea h. herodias; and 1 domestic white duck. 

The only naturally infected host found was the wild mallard, Anas p. platyrhyn- 
chos; one fledgling collected August 2, 1956 from the Freshwater Coulee yielded 
5 adult D. baeri eucaliae, one collected October 1, 1956 was negative and 2 collected 
October 10, 1956 yielded 2 and 1 adults respectively. These worms were indistin- 
guishable from the ones reared in the chicks, and eggs and sperm were present. 
Therefore, it appears to us that the mallard serves as the natural host in this area 
and that other birds, the mourning dove and the screech owl at least, may serve 
as “accidental hosts’. 
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The Adult: (All measurements in millimeters) 

Five living adults from the chicks ranged from 1.35 to 1.8 in length and ca 0.48 in greatest 
width. The hindbody, 0.75-0.96 in length, originates about midway in the worm and, in the 
usual position, extends dorso-posteriorly at 65-80° (Fig. 2); this flexure is also present after 
hot fixation and death in saline—it is probably the “normal” position. Thirteen live eggs 
measured 0.102 (0.092-0.111) by 0.059 (0.054-0.064), operculum 0.016 in diameter. 

Specimens fixed in hot Bouin’s solution, stained, and mounted in permount (Figs. 1, 2) gave 
the following average measurements: Total length—1.42; forebody 0.864 0.436; hindbody 
0.568 x 0.366; oral sucker 0.0740.074; prepharynx 0.004; pharynx 0.063 <0.05; esophagus 
0.042; ventral sucker 0.097 0.097; holdfast organ 0.176*0.191; ovary 0.081 0.99; eggs 
0.103 x 0.59; first testis 0.139 x 0.172; and second testis 0.163 x 0.209. Number of eggs in uterus, 
0-6. Paratype deposited in U. S. National Museum Collection as number 55620. 

The adult worms were present in the anterior one-third of the intestine. The 
forebody lies at about a 90° angle to the intestine and is completely submerged 
in the mucosa. In some instances, in cross sections, the oral sucker can be seen 
almost in contact with the submucosa. 

There were mucosal hemorrhagic spots around most of the worms, and the 
mucosa was degenerate to a small degree at points of contact with the worm, but 
the damage did not seem to be extensive. The hemorrhagic spots were still present 
at 13 days, however, which was the largest period of observation. We have noted 
that these hemorrhagic areas are not present in gulls naturally infected with Dip- 
lostomum spathaceum or hawks infected with other strigeids even when there are 
numerous worms present. 

In France, Arvy and Buttner (1954) reared Diplostomulum phoxini to adult 
in young domestic ducks but did not designate their adults as D. baeri because of 
the improbability of the recorded final hosts, marine birds, obtaining inland mate- 
rial. Rees (1955) in England, reared Diplostomulum phoxini to adult in young 
domestic ducks but designated them as Diplostomulum pelmatoides. We, are not 
certain, therefore, whether Diplostomulum phoxini develops into Diplostomum 
phoxini, Diplostomum baeri, and/or D. pelmatoides, or if there are actually 2 or 3 
species of worms concerned. 

Morphologically our worm does not appear to differ from Diplostomum baeri 
Dubois, 1937, except that the gonads are smaller. Dubois (1955) has kindly ex- 
amined 2 of our specimens and states he is convinced that it is a form type of D. 
baeri as it occurs in Europe in Stercoraires. In spite of the remarkable similarity, 
we believe it wise to give attention to apparent physiological differences; i.e., D. 
baert has been found only in a species of Stercorariidae in Europe, whereas the 
present worm will develop in unfed chicks, mourning doves, the wild mallard, and 
the screech owl, but will not develop in gulls (Laridae) which are in the same order 
as Stercorariidae; members of the Stercorariidae are not found this far inland. 
Further, diplostomula of the present species have been reported only in this study. 
It is therefore proposed that the present worm be designated as Diplostomum 
baeri eucaliae n. subsp. because of its prevalence in the stickleback in this area. 


THe MIRAciIpDIUM 
Eggs recovered from both the intestinal and visceral experimental adults were 
incubated successfully in 6-cm Petri dishes in tap water dechlorinated with sodium 
thiosulfate and incubated at approximately 23° C. Miracidia were first detectable 
in the eggs at 10 days; free swimming forms were first seen at 12 days. The 


swimming motion was rather rapid with the usual rotation of the body. (The 


following measurements are in microns. ) 
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Five live miracidia (Fig. 3) were 132 (118-154) by 38 (30-49). Cilia were 10 to 11 long. 
Lateral papillae 4 to 5 long and about 2 wide at their widest. Nature of the papillae not deter- 
mined ; they appeared more like secretions of some sort than definite organs. On one occasion 
dorsal and ventral papillae were also observed at about the same distance from the end of the 
larva. In addition to the lateral papillae which have been described from many species, there 
were very small ones about 2 microns anterior to them and about 2 long. Pigmented eye spots 
9 to 11 long and about 7 to 8 wide from the dorsal aspect, very close together, and flattened 
on the outer margin but nearly round when seen from the side. Lens 4 by 5 in diameter could be 
seen in specimens flattened on a slide. Penetration organ not easily seen and nearly cylindrical, 
measuring about 15 long and 5 wide. Two pairs of flame cells, but excretory tubules not deter- 
mined. Penetration ducts easily seen but penetration glands not ascertained. Many large 
vacuoles about 10 microns in diameter present in most of the specimens studied. 


THE SPoOROCYSTS 


Twenty-four Physa spp., 14 Helisoma anceps, Menke, and about 75 Stagnicola 
palustris Mueller and Stagnicola palustris elodes (Say) were exposed to the mira- 
cidia. All snails were laboratory-reared. None of the Physa or Helisoma became 
infected but 17 of about 70 Stagnicola did. Thirteen of the infected ones were 
S. palustris elodes; the remaining 4 were S. palustris. Cercariae were first ob- 
served after 30 days of development at 22—28° C. At this time the entire digestive 
gland, and remaining viscera to a lesser extent, were a tangled mass of mother and 


daughter sporocysts. At a later time when the cercarial production had become 


very low, the larger mother sporocysts could be found among the viscera other than 
the liver, and only daughter sporocysts were present in the liver. All measure- 
ments are in millimeters. 


Mother sporocyst—l4 days (Fig. 4): 

Five specimens of 14-day-old sporocysts were found in the mantle of 1 experimental snail. 
These were 0.266 (0.238-0.294) by 0.051 (0.039-0.068) and very similar to the early stage of 
Diplostomum flexicaudum as shown by Cort, Ameel and Van Der Woude (1951). The anterior 
end of one was seen to contract, producing annulations. The germ balls were not studied in 
detail but were about 0.03 by 0.015. 


Mother sporocyst—22 days: 


Only one specimen was recovered; it was in the mantle, was fully developed and was pro- 
ducing daughter sporocysts. 


Mother sporocysts—mature, 30 days or more (Fig. 5): 

Seven sporocysts fixed in hot 10% formalin measured 18.9 (8.1-25.) by 0.146 (0.09-0.202). 
A birth pore was not ascertained but the anterior end was capable of invagination. The small- 
est embryos inside the sporocysts were about 0.06 in diameter and the largest nearly mature 
daughter sporocysts were 0.8 by 0.04. Some were nodular, especially the oldest ones observed 
(45-67 days post infection) ; these older ones contained very few cercariae and looked “spent”. 
Daughter sporocyst—22 days post infection: 

At this time there were very active daughter sporocysts in the viscera but not in the diges- 
tive gland itself. Six live ones measured 0.3 to 0.68 by 0.03 to 0.06. Three fixed in hot Bouin’s 
measured 0.397 (0.377-0.422) by 0.065 (0.06-0.075). Germ balls were very numerous but there 
were no developmental forms recognizable as cercariae yet. 

Daughter sporocyst—26 days post infection: 

Many daughter sporocysts were present in the liver at this time. Forms recognizable as 
developing cercariae, but not mature cercariae, were present in them. Seventeen sporocysts 
fixed in hot Bouin’s measured 1.947 (0.75-3.6) by 0.106 (0.09-0.135). 

Daughter sporocyst—mature, 30 days or more (Fig. 6) : 

Ten freshly dissected sporocysts measured 1.458 (0.55-4.4) by 0.067 (0.05-0.1). The 
smallest ones contained not fully developed cercariae. Near the anterior end of the sporocyst 
was a slightly thickened cuticular ridge which gave the appearance of small “ears” under the 
compound microscope. Anterior to the ridge the sporocyst is invaginable. Just posterior to 
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the ridge is the prominent birth pore. At least 20 flame cells are present in the younger sporo- 
cysts. Very small (about 0.001) spine-like structures are seen at the very anterior tip. Small 
yellowish granular-appearing structures about 0.001-0.002 in diameter are seen in the cuticle; 
we do not otherwise know their nature. 


Seven experimentally infected snails were kept at 4-6° C from September till 
March to simulate a North Dakota winter, but although cercariae were being pro- 


duced in September, no sporocysts could be found upon dissection in March, a pe- 
riod of about 6 months ; this indicates that the infection does not overwinter in snails. 


THE CERCARIA 


The cercaria (Fig. 7) was studied alive and fixed from 14 experimentally in- 
fected Stagnicola palustris and Stagnicola palustris elodes, using bright field and 
phase microscopy. Nicotine sulfate (Black Leaf 40) 1 ppm and menthol-Tween 
80 (0.25% menthol in 5% Tween) were used successfully as anesthetics. Neutral 
red, Nile blue sulfate and Bismark brown were used as intra-vital stains with and 
without the anesthetics. All measurements were made on 10 random specimens 
fixed in hot formalin as described by Cort and Brackett (1937) and are given 
in microns. 


Description of cercaria (Measurements in microns) : 

Length of body 203 (170-245) width 37 (30-49). Tail stem length 232 (202-248), width 
34 (30-42); furcal length 193 (180-235); furcal width 27 in greatest diameter. Penetration 
organ pyriform but long and narrow when fixed; length 62 (55-76), width 25 (24-37). Diam- 
eter of ventral sucker 26 (22-30). Distance from middle of ventral sucker to posterior end of 
body 93 (88-99). Oral opening terminal; digestive tube inside penetration organ gives the 
appearance of a coiled structure with phase microsscopy; prepharynx short, about 7 long; 
pharynx about 13 by 10. Esophagus bifurcating about half way between pharynx and ventral 
sucker (ca 15). Ceca extend nearly to posterior of body, conspicuous and enlarged terminally 
to about 11 in diameter. Four large penetration glands behind the ventral sucker and ventral 
to the ceca. Anterior pair of glands usually tandem but sometimes nearly side by side, the 
other 2 usually lobed and side by side behind the anterior pair. The conspicuous penetration 
gland ducts pass anteriorly, penetrate the oral sucker in which they are dilated, and open ter- 
minally lateral to the oral opening. 

Excretory system: Six flame cells on each side of the body usually difficult to ascertain ; 
connecting tubules not determined; bilobed bladder at posterior of body with small “Island of 
Cort”; 1 pair of flame cells in each side of the tail stem; cilia in the posterior bladder arm in 
the anterior of the tail stem. 

Three groups of small forward-projecting recurved spines, about 2 long, just dorsal to the 
openings of the penetration ducts and oral opening, hard to see. A band of irregular, small, 
closely set spines, each about 1.5 long, extends about 22 microns from the anterior end to about 
half-way past the penetration organ. First of 9-11 evenly spaced rows of spines which are ca 
3.5 long at about 40 from the anterior end. Few additional scattered spines at each lateral as- 
pect of first 2 rows. The rows of spines completely encircle the cercaria except the last 1 or 2 
rows which have no ventral spines. The last row of spines usually at about the level of the 
center of the ventral sucker. During “shimmy” motion in menthol-Tween 80 plus Nile blue 
sulfate, small constrictions form across the body between each of the rows of spines. Rarely, 
a larger constriction occurs at the posterior level of the ventral sucker. Small, irregularly 
spaced spines about 2.2 long cover remainder of body. Three irregular rows of spines on the 
inner portion of the ventral sucker. One pair of body flagellets at the postero-lateral position 
of the body. Numerous transverse ridges about 4.5 wide throughout the length of the tail stem 
which probably correspond to the lateral sub-cuticular cells, the nuclei of which are about 3.5 
in diameter. About 10-12 flagellets ca 10-12 long, on each side of the tail stem, also flagellets 
on the ventral and dorsal surfaces. The flagellets, perhaps under stress, seemed to “melt down” 
to globular structures; we have also seen this condition on the cercaria of Crassiphiala bulbo- 
glossa, another strigeid (Hoffman, 1956). Some of these “globs” were seen to shoot out an in- 
complete flagellet. To the best of our knowledge the function of these flagellets is unknown. 
A few small scattered spines ca 1 long on the tail stem. Six pairs of nucleated caudal bodies ; 
the 3 anterior pairs nearly opposite each other and elongate to round, sometimes stellate; the 
3 posterior pairs elongate, and the last 2 pairs usually not opposite in position; the posterior 
half of the entire caudal body process slightly rotated. Four easily seen rows of spines on the 
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furcae (Fig. 8), and 1 or 2 rows of very small spines on, or near, the edges. Furcae terminate 
with prominent nippic. ike processes ca 3 long by 2 in diameter. 

When undisturbed, the cercariae hang vertically with the body down, the tail 
stem straight, and the furcae well separated. The body is slightly bent ventrad. 
The worms are evenly distributed in the water and only a few are in motion at one 
time. Periodically, they swim upwards several times their length. Under labora- 
tory conditions they emerge in relatively small numbers throughout the day and 
night. They are positively phototropic. 

Four lots of cercariae were tested for longevity at 24-27° C; live cercariae were 
last seen in these bottles 28, 32, 35 and 35 hours respectively. One lot was tested 
at a higher temperature, 23-30° C, and live cercariae were last seen at 23 hours. 
Infected snails, although otherwise apparently healthy, did not yield cercariae for 
more than 11 days. Fourteen infected snails produced cercariae in large to mod- 
erate numbers for 1 to 8 days, average 4.3, and in small numbers for 5 to 9 days 
more, average 6.6, a total of 11 days. Four infected snails produced an average 
of 9,672 cercariae for a 24-hour period during the peak of their production. 
Discussion 

Cercaria D. baeri eucaliae is probably very similar to the European cercaria of 
Diplostomum phoxini' as briefly described by Arvy and Buttner (1954). They 
state that the cuticle is spined to nearly mid-body but do not mention rows of 
spines. The present species has 9-11 rows and there are also scattered spines on 
the rest of the body. The present species is also about 25% larger. Cercaria 
D. baeri eucaliae differs from Cercaria scudderi Oliver, 1941, in the following re- 
spects: The characteristic anterior constrictions as recorded for C. scudderi are 
usually not present. There are at least 8 complete rows of spines, whereas C. scud- 
deri has only 5 complete rows. There are 8 flame cells on a side instead of 10 as 
in C. scudderi. 

Cercaria D. baeri eucaliae has the following in common with C. diplostomum 
flexicaudum Cort and Brooks, 1928; C. laruei Cort and Brooks, 1948; C. diplosto- 
mum spathaceum (Cercaria C of Szidat) ; C. helvetica XV Dubois, 1927; C. chry- 
senterica, Miller, 1923; and C. raromatophora Brown, 1931: Two pairs of posterior 


penetration glands, caudal bodies present, body spines in rows, anterior forward- 


pointing spines, and no post-acetabular constriction when standing in water. How- 
ever, C. diplostomum eucaliae differs from: (1) C. diplostomum flexicaudum in 
not having a bent tail when hanging in water and having 9-11 rows of body spines 
instead of 18, (2) C. larwei in localizing in the fish brain instead of lens, and having 
9-11 rows of spines instead of 18, (3) C. modicella in being much larger and in 
having 9-11 rows of spines instead of 17, (4) C. diplostomum spathaceum in hay- 
ing 6 pairs of caudal bodies instead of 30, (5) C. halvetica in not having furcal fins, 
(6) C. chrysenterica in having 9-11 rows of spines instead of 9 bands of 3 rows 
each, (7) C. chromatophora in not having yellow pigment, in having spines in rows, 
and tail stem only a little longer than the body instead of twice as long. 


Concentration of cercariae: 


Various methods of concentrating cercariae have been reported. These include 
the flask side arm phototropic migration method of McMullen and Beaver (1945), 


1 After this paper went to press Rees, G. (1957) Parasitol. 47 (1, 2) : 126-137 described the 
cercaria of D. phoxini in England. 
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and removing the excess water through the walls of a porous porcelain container 
(Pellegrino and Macedo, 1955). In this study large concentrations of living cer- 
cariae were easily obtained by slowly filtering off the excess water through a 
Berkefeld N virus filter. A large size filter (350-ml capacity) was used and the 
140 ml remaining in that filter were then placed in a small size filter (50-ml capac- 
ity) and the remainder concentrated down to 5 ml of living cercariae. 
EXPERIMENTAL INFECTION AND DEVELOPMENT OF THE METACERCARIA 

Experimental infection: 

Cercaria were allowed to accumulate in the snail bottles for 4 to 12 hours and 
were then poured into gallon jars containing the fish and about a liter of dechlor- 
inated water. Sticklebacks were readily infected, but no metacercariae were re- 
covered from exposed fatheads, Pimephales p. promelas, or top minnows, Fundulus 
diaphanus menona although skin hemorrhages were noticed. Large concentrations 
of cercariae killed the stickleback in a few hours; hence it was desirable to deter- 
mine the approximate numbers of cercariae to use in order to obtain maximum 
numbers of metacercariae. The following results were obtained: (some mortality 
was probably caused or influenced by aquarium conditions ). 

(1) 33 fish, 200 cercariae each—death in 1-365 days with 48 (17-101) metacercariae. 

(2) 60 fish, 240 cercariae—death in 1-43 days with 133 (27-370) metacercariae. 

(3) 1 fish, 250 cercariae—death in 12 hours; cercariae not recovered. 

(4) 28 fish, 270 cercariae each—death in 6%hours—30 days with 48 (8-173) metacercariae. 

(5) 8 fish, 400 cercariae—death in 3-5 hours, cercariae not recovered. 

(6) 1 fish, 500 cercariae—death in 3% hours, cercariae not recovered 

(7) 5 fish, 1,000 cercariae each—death in 2-2% hours, cercariae not recovered. 

(8) 1 fish, 2,000 cercariae—death in 2% hours, cercariae not recovered. 

(9) 1 fish, 3,375 cercariae—death in 2 hours, cercariae not recovered. 

The above results indicate that a single exposure to 200 or more cercariae can 
be fatal to at least some of the fish, although only about one-fourth of the larvae 
can be recovered later as metacercariae. In an attempt to produce more massive 
experimental infections, fish were exposed to smaller numbers of cercariae on differ- 
ent days in order to minimize the resulting hemorrhaging due to migrating larvae ; 
the results follow: 

(1) 70 fish plus 150 cercarie each followed by 

150 more cercariae in 3 days, followed by 

100 more cercariae 5 days later—death in 

10-95 days; 132 (58-187) metacercariae recovered. 

(2) 10 fish plus 200 cercariae each followed by 

150 more cercariae in 10 days, followed by 

100 more cercariae 1 day later—9 alive at 50 days; 
1 lived 8 months; 1 had 106 metacercariae. 

Development of the metacercaria: 

Larvae were recovered from experimental fish at intervals and studied alive 
and fixed in hot Bouin’s, stained and mounted. Serial sections of infected fish were 
also studied. (Measurements in millimeters. ) 

35 minutes to 24 hours—Many larvae recovered from blood and optic lobes, 
a few from olfactory lobes, skin, gills, optic nerve, skeletal muscle, cornea, and ret- 
ina. Much evidence of hemorrhage in heavy infections, particularly behind the 


eyes and at the postero-lateral part of the brain. Also much hemorrhaging of the 


viscera, presumably the cause of death in extremely heavy fatal infections. Dawes 
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(1952) has reported the death of fish caused by cerebral hemorrhage after heavy 
experimental infections with Cercaria C of Szidat = Diplostomulum volvens. In 
cross section many larvae were seen in the blood vessels of the head and gills; we 
assume that many penetrate the gills and use the blood vessels in migrating to the 
brain. Fewer larvae were seen in cross sections of the body, and particularly the 
posterior part, than in the head region, indicating that more larvae do enter the 
head region than the rest of the body. The larvae were morphologically the same 
as the cercarial body. 

3 days—All of the larvae recovered were distributed throughout the brain and 
in heavy infections there was still much hemorrhaging at the postero-lateral part of 
the brain. 

Larvae very active, ca 0.170 x 0.052 alive and 0.208 x 0.54 fixed and mounted. 
Penetration glands and ducts, spines still present. No evidence of holdfast or hind- 
body development. 

5 days (Fig. 9)—Most of the larvae were in the optic lobes, in the nervous 
tissue itself as well as just under meninges and in the optic lobe ventricles. Sev- 
eral were seen in the eyes invading the rod and cone layers. Fixed and mounted 
larvae were ca 0.314 0.104. In live specimens the region of the holdfast is a 
slight indentation, the spines are still visible, and there is an indentation of lateral 
sucker and hindbody development. Black pigment, presumably from the retina, 
was seen in the ceca of these worms. 

9 days (Fig. 10)—Most of the metacercariae are grouped in the beginning of 
the sac-like structure at the postero-lateral margins of the optic lobes, perhaps be- 
cause there is a rather significant space between the brain and the roof of the cra- 
nium of the stickleback at this point. A smaller number of metacercariae is 
usually in the ventricles of the optic lobes and an oceasional worm is still present 
in the brain tissue of the optic lobes. Blood clots emorrhages are still 
present. Live worms ca 0.470 x 0.216, fixed 0.489 (0.097-0.554) by 0.175 (0.156- 
0.198) and hindbody, lateral suckers, and holdfast organ are well formed. The 
larva looks much like a mature metacercaria but there is no evidence of the reserve 
excretory system, including the calcareous corpuscles. 

11 days—The metacercaria appears almost identical with the mature larva, and 
although the main reserve excretory system tubules can be seen, the calcareous 
corpuscles cannot be seen; granules (0.001—0.002), believed to be their precursors, 
can be seen grouped around small branches of the reserve system; however, no 
tubules connecting these granules to the reserve system could be seen. 

14 days—The granules are now round and ca 0.004 in diameter. 

16 days—The largest granules are now 0.005 in diameter. 

18 days (Figs. C, 11, 12, 13, 14)—The granules are now typical calcareous cor- 
puscles, 0.004—0.007 in diameter, and the metacercariae cannot be distinguished from 
the older “mature” metacercariae. 

In no instances were experimental larvae found in the lens of the eye although 
an occasional one was found in the posterior chamber; we do not know if these 
survive more than 60 days. 

To determine at what age the metacercariae first become infective, various ages 
of larvae were fed to each of 12 chicks by dropper tubes inserted into the esophagus ; 
the results follow: 
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51 larvae ... 7 days old recovered adults 
22 larvae .. 9 days old ... recovered adults 
70 larvae .... days old recovered adults 
20 larvae Pea days old . recovered adults 
118 larvae days old recovered adults 
19 larvae . days old recovered adults 
43 larvae ... days old recovered adults 
118 larvae 3 days old . es recovered adult 
175 larvae 3 days old .. recovered 3 adults 
200 larvae .... . days old ... Perea. =O 
ees 23 days old . recovered 10 adults 
56 larvae 5 days old .. recovered 0 adults 


From the above results it is probable that the metacercariae become infective 
between 13 and 23 days. The small numbers recovered are probably due to the 
fact that the chick is an unnatural host. It is probably coincidental that the cal- 
careous corpuscles appear at about the time the larva becomes infective; no other 
morphological change was noticed at this time. We have kept sticklebacks experi- 
imentally infected with at least 101 metacercariae for a period of 1 year and believe 
that the larvae would live much longer. 

The mature metacercaria alive (Fig. C) (measurements in millimeters) : 

When freed from the brain the metacercaria contracts and expands very actively. Normal 
inactive size ca 0.650.320 (Fig. C); fully stretched, ca 0.7 long; contracted, ca 0.5 long x 0.38 
wide. Hindbody distinct from forebody in typical strigeid fashion, conical shaped, projects 
slightly dorsally, is very mobile, and measures 0.076 to 0.150 in length depending upon its state 
of activity. Forebody typically spatulate, moderately concave, posteriorly covered with very 
minute spines which are a little larger on the holdfast organ. Lateral suckers very prominent, 
ca 0.03 in diameter, deeply cupped (0.047-0.06) ; at times completely everted (Fig. 14); very 
prominent muscles extend posteriorly from them. Oral sucker nearly spherical, ca 0.065 in 
diameter. Prepharynx very short. Pharynx longer than wide, measures ca 0.05 long. Eso- 
phagus ca 0.02 long. Intestinal crura visible under cover glass pressure; they curve around 
the ventral sucker and holdfast organ and terminate in the hindbody. Ingested fish brain cells 
present in the crura in cross sections and in “regurgitated” material. Ventral sucker just an- 
terior to the holdfast organ and ca 0.09 in diameter. Holdfast organ nearly at the posterior 
end of the forebody, almost spherical from the ventral aspect, and ca 0.15 in diameter. 

Excretory system visible under slight cover glass pressure (Fig. C); it is nearly identical 
with that of D. phoxini (Faust), 1918 and D. browni, Hughes, 1929, with a bi-lobed bladder 
and 4 main excretory tubules. The bladder appears more slender in our specimens; however, 
this may be due to less pressure; the shape is also slightly different. The bladder empties 
about every 75 seconds. 

The calcareous corpuscles lie in little sacs in the termini of the reserve excretory tubules. 
They are very numerous (Fig. 12), spherical, and measure 0.004 to 0.009; no oval ones were 
seen as has been reported for D. phoxini. The reserve excretory system appears to receive 
excretory material from the main excretory system which is fed excretory material by the flame 
cells. It is not known if excretory material passes from the worm into the termini of the re- 
serve system, if the reserve system is simply a storage organ, or if it has a different function. 
In any event, no function of calcareous concentrations in the termini of the reserve tubules has 
been demonstrated. We have attempted to demonstrate the presence or absence of any material 
other than CaCOs, as demonstrated by others, in the concretions. We find the concretions not 
birefringent, insoluble in dilute NaOH and alcohol, negative for carbohydrates with PAS 
stain as well as iodine, negative for fats with Sudan black B, consistently positive with urate 
stains; but we have not been satisfied that the calcium has been entirely removed prior to 
staining in our material. Therefore, the granules are probably mostly calcareous, with no 
carbohydrates or lipids, but possibly some nitrogenous material. The corpuscles gradually dis- 
appear during the first 3 days in the chick although the little “sacks” that they were in can 
still be seen. At 4 days no evidence of the corpuscles or “sacks” can be seen; at this time the 
worms are first ovigerous. 


The mature metacercaria fixed (Figs. 11, 12, 13, 14): 

Fixed in hot alcohol-formaldehyde-acetic acid fixative, affixed to slides with polyvinyl alco- 
hot, and stained with hematein. Paratype deposited in U. S. National Museum Collection as 
No. 55621. Many authors have stressed the importance of hot fixatives for preserving the 
natural proportions of trematodes as well as preventing excessive shrinkage due to contraction. 
Apparently some variation can be expected with any method. Some of our specimens nearly 
retained their normal proportions (Fig. 13) and some did not; some shrank when hot AFA 
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Figure C. Composite drawing of mature metdcercaria. Explanation of symbols same 


as for Plate I. 
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was used but some became more extended, and in some (Fig. 14) the body regions lost their 
normal relationships. All measurements are based on 12 mounted specimens fixed as above. 
Total length 0.401 (0.33-0.5) ; forebody 0.361 (0.32-0.387) in length by 0.274 (0.23-0.27) in 
width; oral sucker 0.05 (0.045-0.052) in diameter; pharynx 0.04 (0.038-0.042) x 0.020 (0.017- 
0.024) ; esophagus 0.014 (0.012-0.026) long; ventral sucker to intestinal branching 0.073 (0.058- 
0.086) ; and holdfast 0.103 (0.097-0.11) in diameter. The intestinal crura extend posteriorly, 
curve around the holdfast organ and end about midway in the hindbody. 

Diplostomulum baeri eucaliae differs from the following Diplostomulum spp. 
of fish which possess more or less distinct hindbodies: (1) Hystermorpha tribola 
(Diplostomulum corti) Hughes, 1929, in the presence of the ventral sucker and 
holdfast organ in the posterior half of the worm instead of about mid-way, in being 
about half as large, and in possessing a round instead of elongate holdfast organ; 
(2) D. spathaceum (Rudolphi) in possessing a ventral sucker about half as large 
as the holdfast organ instead of about the same size, in having oral and ventral 
suckers of about the same size instead of a larger oral sucker, and in having deeply 
cupped lateral suckers; (3) from D. ictaluri Haderlie, 1953 in being about one- 
third as large; and in possessing a ventral sucker about half as large as the holdfast 
instead of about one-fourth as large; (4) D. phoxini (Faust, 1918) in being nearly 
twice as large, in having proportionally smaller oral and ventral suckers, in having 
a different-shaped excretory bladder, and in causing the formation of a cyst-like 
structure on the brain. (5) D. mordax Szidat and Nani, 1951 in possessing a dis- 
tinct ventral sucker whereas in the latter it is very small and indistinct; and in 
possessing round calcareous corpuscles instead of oval. (6) D. petromyzi-fluvia- 
tilis (Diesing) in having its intestinal crura extending into the hindbody instead 
of to the holdfast region as in the latter. The present species also differs from all 
known Diplostomulum spp. in having been found only in the brain of the stickleback 
and in causing the formation of 2 tumor-like structures at the postero-lateral aspect 
of its brain. D. baeri eucaliae is not here compared with diplostomula from frogs 
or those with distinct hindbodies from the eyes of fishes. 


Key to the known Diplostomulum species in North American fresh water fish? 


Found in eyes; hindbody indistinct (except D. spathaceum) 

Found in the musculature or brain; hindbody distinct 

Hindbody distinct 

Hindbody very small or not apparent 

Found in the lens 

Found in the vitreous humor 

Worm three times as long as broad . Sscheuringi 
Worm less than three times as long as broad D. huronese 
Found in the brain of Eucalia inconstans D. baeri eucaliae 
Found in the musculature 

Ventral sucker nearly as large as oral sucker D. hysteromorpha triloba (D. corti) 
Ventral sucker about half as large as oral sucker D. tctaluri 
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2 There are undoubtedly species that have not been described. 
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SUMMARY 


Diplostomum baeri eucaliae n. subsp. is described from experimentally infected 


chicks and the screech owl, Otus asio, and from naturally infected mallard ducks, 
Anas p. platyrhynchos. 

Developmental stages, including the cercaria, are described from the snails, 
Stagnicola palustris and Stagnicola palustris elodes. 

The brook stickleback, Eucalia inconstans, but not Pimephales p. promelas or 
Fundulus diaphanus menona, was experimentally infected. Exposure of the stickle- 
back to more than 200 cercariae was usually fatal. The development of the diplo- 
stomulum in the brain of the fish is described and the metacercaria is differentiated 
from known species. A key to the known Diplostomulum spp. is presented. 

The calcareous corpuscles were positive for calcium, negative for carbohydrates 
and fats. They stained positively with urate stains, but we are not absolutely sure 
that urate is present. 
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All figures are of Diplostomum baeri eucaliae n. subsp. 


Ficure 1. Adult from experimentally infected chick; ventral view; fixed in hot Bouin’s, 
stained, and mounted; drawn with aid of microprojection. 

Ficure 2. As Figure 1 but lateral view. 

FIGURE Miracidium; free hand drawing. 

FIGURE Mother sporocyst, 14 days; free hand drawing. 

FIGURE Mother sporocyst, 30 days or more; free hand drawing. 

FIGURE Daughter sporocyst, 30 days or more; free hand drawing. 

FIGURE Cercaria; composite drawing. 

FIGURE Lateral view of furca of cercaria. 

FIGURE Diplostomulum, 5 days; free hand drawing. 

Ficure 10. Diplostomulum, 9 days; free hand drawing. 

Figure 11. Diplostomulum, mature; lateral view; free hand sketch. 

Figure 12. Diplostomulum, mature, showing calcareous corpuscles stained with urate 
stain; drawn with aid of microprojection. 

Figure 13. Diplostomulum, mature; ventral view; fixed in hot Bouin’s, stained and 
mounted; drawn with aid of microprojection. 

Ficure.14. Diplostomulum, mature ; showing everted pseudosuckers ; prepared as Figure 13. 

Ficure 15. Free hand sketch of brain of Eucalia inconstans showing the position of the 
parasite “sacks.” 


CRNA LP we 


ABBREVIATIONS 


A.L.V.—Anterior lateral vessel; B.P.—Birth Pore; C—‘Cyst”; C.B. Caudal bodies; 
C.C.—Calcareous corpuscles; E-—-Egg; E.B—Excretory bladder; E.T.—Excretory tubule; 
F.C.—Flame cell; HF.—Holdfast; INT.—Intestine; L.C.V.—Lateral collecting vessel; M.— 
Muscle; M.D.V.—Median dorsal vessel; O.—Ovary ; O.0.—Ootype; O.S.—Oral sucker; P.— 
Parasite; P.D.—Penetration duct; P.G—Penetration Gland; PH.—Pharynx; P.L.V.— 
Posterior lateral vessel; P.O.—Penetration organ; PS.—Pseudosucker; PS.E.—Pseudosucker 
everted; P.T.C.—Posterior transverse commisural vessel; R.F.—Reproductive fundament; 
S.V.—Seminal vesicle; T.1—Anterior testis; T.*—Posterior testis; V.—Vitellaria; V.S— 
Ventral sucker. 


RESEARCH NOTE 
CHILOMASTIX MAGNA IN DESERT RODENTS OF UTAH 

Becker (1926, Biol. Bull. 51: 287) described a new species of Chilomastix found in the 
cecum of the striped ground squirrel, Citellus tridecemlineatus. This same flagellate, which he 
named Chilomastix magna, was later found by Kirby and Honigberg (1949, U. Calif. Publ. 
Zool. 53: 315) in the same host and also in Citellus beecheyi and in C. beldingi, but none was 
found in C. lateralis. Evans (1955, J. Protozoo!. Suppl. 2: 1) observed C. magna in the cecum 
of C. leucurus leucurus. In Europe Sassuchin (1931, Arch. Prostistenk. 74: 417) found C. 
magna in Citellus pygmaeus trapped in Russia and Simitch and Petrovitch (1953, Ann. Parasitol. 
28: 29), working in Yugoslavia, found this flagellate in C. citellus. Until now Chilomastix 
magna has been reported as occurring only in the ground squirrels. Other species of Chilo- 
mastix have been found in other rodents (Gabel, J. R., 1954, J. Morph. 94: 473) and it is not 
easy on morphological grounds to distinguish them, the criteria used being size, shape, nuclear 
structure and position, and the disposition of the fibrils and basal granules. Host specificity is 
not by itself a valid criterion. 

During the summers of 1953 and 1954, the writer examined cecal smears, fresh and stained, 
from 17 species of rodents (cricetids, sciurids, and heteromyids) trapped in the Great Salt 
Lake desert in western Utah. A species of Chilomastix that appeared to be identical with C. 
magna was found in moderate numbers in the following cricetid rodents: 49% of Peromyscus 
maniculatus sonoriensis (133 animals examined), 12% of P. crinitus pergracilis (17 animals 
examined), 62% of P. truei nevadensis (16 animals examined), and 15% of Reithrodontomys 
megalotus megalotus (59 animals examined). C. magna was also found in 1 of the 13 specimens 
of Eutamias dorsalis examined. Chilomastix similar to but smaller than C. magna from the 
aforementioned hosts was found in 2 species of woodrats, Neotoma lepida lepida and N. cinerea 
acraia. Chilomastix magna was not found in any of the Heteromyidae—Freperick R. Evans, 
Department of Zoology, University of Utah, Salt Lake City. 





THE ULTRA STRUCTURE OF THE VITELLINLE 
CELLS OF HAEMATOLOECHUS 


G. S. TuLtocu AND J. E. SHAprIRo 
From the Department of Biology, Brooklyn College, Brooklyn 10, N. Y. 


For a number of years investigators generally agreed that in oviparous trema- 
todes the vitelline cells provided the food for the egg while the shell- or Mehlis’ 
gland provided the shell. Although the nutritive role of the vitellaria has remained 
unquestioned, serious doubts as to the capacity of the shell gland to produce all of 
the materials necessary for the construction of the shells have arisen from time to 
time. Probably the small size of the shell gland in most trematodes or its absence 
in others led investigators to seek elsewhere for the source of at least part of the 
shell material. During the early 1930’s a number of studies reported an additional 
role for the vitelline glands, that of providing material for the shell. Perhaps the 
statement by Yosufzai (1953) that the “egg shell is formed by a hyaline secretion 
of the gland (Mehlis) and (is) temporarily reinforced by vitelline granules which 
serve as nutriment” best reflects the present day thinking with regard to the func- 
tion of vitelline cells in the majority of trematodes. 

There is less agreement as to the specific region of the body in which the vitelline 
secretions are released from their cells of origin. Sommer (1880) reported that 
the vitelline products are freed long before any vitelline reservoir is reached. Ste- 
phanson (1947) described the release of vitelline substances as the result of 
mechanical churning in the uterus in the presence of sperm, which implies that the 
intact cells pass from the vitellaria into reproductive system via the vitelline ducts. 
Willmott (1950) contributed the suggestion that the vitelline cells give up the drops 


of shell-forming substance in the presence of oocytes in the central chamber (ootype) 


of Mehlis’ gland. Yosufzai (1953) believed that the release of granules takes place 
close to the opening of the oviduct. Dawes (1956) in his study on Hexostoma 
describes (and illustrates) the intact vitelline cells passing along the vitelline duct 
and he notes that they “are crowded with droplets of secretion which eventually 
cause the cell membrane to bulge and are in process of being extruded when the 
ootype is reached.” Some observations on the release of vitelline substances in 
Haematoloechus are reported here which appear to confirm the 1880 findings of 
Sommer. 

Living specimens of Haematoloechus medioplexus were removed from the lungs 
of Rana pipiens which had been killed by decapitation, washed in saline, fixed in 
veronal-buffered osmic acid following the method of Palade (1952), and embedded 
in normal butyl methacrylate. Sections were prepared using a Porter-Blum me- 
chanical advance ultra microtome set at a cutting thickness of 500 A and were 
examined with a RCA (EMU-1) electron microscope. 

The vitellaria of H. medioplexus consist of clusters of follicles arranged for the 
most part along the lateral margins of the central 3/5 of the body. The individual 
follicles vary in diameter from 80 to 145 microns and in color from yellowish-white 
to white. There may be as few as 6 or as many as 15 follicles in a cluster. Tubules 
from the follicles join to form the usual system of vitelline ducts common in ovipar- 
ous trematodes. 


Received for publication May 9, 1957. 





TULLOCH AND SHAPIRO—ULTRA STRUCTURE OF VITELLINE CELLS 629 


Each vitelline follicle appears as a cell aggregate held together by a definitive 
surrounding membrane which may function as a sac (Fig. 1). Formed intercellular 
elements are not observable and sections through a follicle indicate an independent 
cellular existence (Fig. 2). Ina single follicle viewed at low magnification (2,000 x ) 
cells sectioned at various levels may be seen in a single field (Fig. 2) and these 
seem to show variation with respect to size, shape and internal structure. The 
variation in size and shape is an illusion since cells sectioned at the same level, 
using the nuclei as reference points, show a notable constancy for these features 
(7 microns in diameter and hexagonal in cross-sectional outline) ; the variation in 
internal morphology, however, is intrinsic. Cells cut at the same level as well as 
those cut at different levels show a lack of uniformity in the nuclear structure and 
in the extent of vacuolization and granule-formation in the cytoplasm. Moreover, 
there is no evidence that an orderly or fixed topographic arrangement for cells of 
any structural type exists within a single follicle. 

The diversity of internal structure in the vitelline cells within a single follicle 
is due largely to cytoplasmic modification and to a lesser degree to nuclear changes. 
Some of the characteristics of the cells may be summarized as follows: 


a) Cytoplasm essentially undifferentiated, nuclear material uniformly dense 
with discrete chromosomes (Fig. 3). 

b) Cytoplasm with a few granules which may or may not be associated with 
vacuoles, nuclear material dense and without evidence of chromsomes 
(Fig. 4). 

Cytoplasm with abundant granular inclusions within vacuoles, nuclear 
material with fine reticulations (Fig. 2). 

Cytoplasm almost completely engorged with granule-laden vacuoles, 
nuclear material coarsely reticulate (Fig. 5). 

e) Cytoplasm with vacuoles free of granules open to the cell surface, nucleus 
without structural integrity (Fig. 6). 


The spherical granular inclusions which are so largely responsible for the varia- 
tion in the appearance of the vitelline cells vary in diameter from 0.05 to 0.3 micron. 
There is a constancy in the electron density of these particles regardless of their 
size. 

On the basis of the variations noted in the foregoing description, a progression 
of developmental events may be hypothesized for the vitelline cells. Those which 
have recently undergone mitotic division probably represent essentially undiffer- 
entiated precursor cells. Derivatives of these show progressive increase in granu- 
lation and vacuolization of the cytoplasm which no doubt is the morphologic ex- 


pression of varying degrees of maturity and differentiation of a single cell type. 


Abundant granulation coupled with a loss of regularity of cell margins and definition 
of the nucleus would give credence to the suggestion that such are fully matured 
cells. The eventual dissolution or disintegration of these is related to the com- 
pletion of their function, i.e., the production (synthesis) and release of vitelline 
substances. 

We were not able to determine the precedence of granulation and vacuole-for- 
mation. It may be that vacuolization results from granule-aggregation and conse- 
quent displacement of cytoplasmic ground substance. In any event this sequence 
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in no way affects the time or the site of release of at least some of the granular 
material Thus, in cells still within the follicles of Haematoloechus and which are 
engarged with secretory particles, there is clear evidence based on cytoplasmic 
vacuoles opening to the cell surface that there is some granular extrusion from the 
vitelline cells prior to their migration to other regions of the reproductive system 
(Fig. 6). 

The release of vitelline granules while the follicles has not been reported pre- 
viously and there is the possibility that this phenomenon may be a peculiarity of a 
single species or genus. The divergent views expressed by others, however, and 
the observations reported here are not irreconcilable. Sommer (1880) for ex- 
ample, reported that the granules are released long before the vitelline reservoir is 
reached. Others have supported a sequence involving migration of the intact vitel- 
line cells from the follicle to some other portion of the reproductive system prior 
to granule-release. With the limitations imposed by light optics, it is conceivable 
that intrafollicular release of granules may have been overlooked and attention 
focussed solely on the migrating vitelline cells. Sommer probably observed large 
clusters of granules passing through the vitelline ducts since the individual granules 
are, for the most part, below the limit of resolution of light microscopy. 

The evidence available from electron optical observations strongly suggests that 
the vitelline cells undergo a developmental sequence which is characterized by pro- 
gressive increase in granulation and vacuolization. This maturative process may, 
in general, be initiated by some activating mechanism affecting the whole repro- 
ductive system. The granule release, however, is more likely to be the normal con- 
sequence of a cell ripening and may occur either in the follicle or in other parts 
of the reproductive system. 

SUMMARY 


Electron optical observations of vitelline glands of Haematoloechus medioplexus 
have yielded evidence that the cells of these organs are of a single morphological 
type. These undergo a maturation process which is characterized by increasing 
granulation and vacuolization of the cytoplasm and a gradual loss in structural 
integrity of the nucleus and cell margins. Moreover, from these studies it is ap- 
parent that the initial release of the vitelline substance, from cells, takes place 
intrafollicularly and probably continues as the cells migrate to other regions. — It 
is suggested that activation of the vitelline cells is the result of stimulation of the 
whole reproductive tract and that granular-release, which is the final stage in a 
ripening process, is independent of cell migration from the follicle to another site. 
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PLATE I 
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EXPLANATION OF PLATE 


Electron micrographs of sections of the vitelline cells of 
Haematoloechus medioplexus 


Ficure 1. Portion of follicle showing the surrounding membrane, x 4800. 

Figure 2. Cells in various stages of maturity. Cell indicated by arrow with abundant 
granular inclusions within vacuoles, nuclear material with fine reticulations, x 2500. 

Figure 3. Cells following division, cytoplasm essentially undifferentiated, nuclear material 
dense, x 6300. 

Ficure 4. Cytoplasm with sparse granulation, x 4000. 

Ficure 5. Cytoplasm almost completely engorged with granule-laden vacuoles, nuclear 
material coarsely reticulate, <x 6700. 

Figure 6. Cytoplasm with vacuoles free of granules open to surface of cell, nucleus without 
structural integrity, = 6500. 


RESEARCH NOTE 


THE EFFECT OF A SINGLE DOSE OF TROLENE (ET-57, DOW CHEMICAL) ON 
FECAL EGG COUNTS IN WINTERING HEREFORD CATTLE 


This study was conducted from Dec., 1956 to June, 1957, to determine the effect of Trolene 
(0,0-dimethy! 0-2,4,5-trichlorophenyl phosphorothiolate), a new organic phosphorus compound, 
on egg production of parasitic nematodes in a herd of naturally infected beef cattle. A total 
of 38 yearling cattle was selected, weighed, and divided into 7 lots for the experiment. Each 
lot contained an average of 5 animals; 3 were given the drug and 2 served as untreated con- 
trols. Lots were housed separately, but under similar conditions of management. 

Treatment of the test animals consisted of a single oral dose of Trolene at the rate of 110 
mg/kg host body weight. About half the treated cattle were given the drug in bolus form, 
and the rest received an equivalent amount mixed with the feed. 

The reported fecal egg counts are based on individual rectal fecal samples taken at the follow- 
ing periods ; pre-treatment ; post-treatment at 1 and 2 weeks, and 1, 2, 3, 4, and 5 months, respec- 
tively. The average number of eggs per gram of feces (EPG) of each animal was determined 
using a modified Lane flotation technique. The numbers given below are pooled average EPG 
counts irrespective of lot or type of treatment. Range and standard deviation are given in 
parentheses following each EPG number. 

Average pre-treatment EPG for the Trolene-treated cattle was 19.4 (2-94, S.D. 21.3), 
compared with an EPG of 16.2 (2-56, S.D. 14.7) for the controls. One week after treatment, 
the count for the treated cattle dropped to 3.2 EPG (0-23, S.D. 5.4), while that of the untreated 
animals was 11.8 (1-35, S.D. 11.4). Two weeks post-treatment, the counts were 2.3 (0-23, 
S.D. 4.6) and 11.8 (0-37, S.D. 10.2) EPG, respectively, for treated and control groups. EPGs 
1 month after treatment showed only minor fluctuations from the previous sample. The 
average count for the treated cattle remained quite low, 2.7 (0-13, S.D. 9.5), compared with 
11.5 (2-34, S.D. 10) for the controls. 

At 2 months post-treatment, the EPG counts for the treated animals were still low at 2.0 
(0-7, S.D. 2.2), while the control count decreased to 7.3 (3-17, S.D. 4.6). The counts for the 
following month were similar; 2.8 (0-20, S.D. 4.1) for the treated cattle and 6.8 (0-12, S.D. 
3.4) for the controls. Four months post-treatment, the EPG counts were 3.2 (0-11, S.D. 3) in 
the treated, and 9.7 (1-32, S.D. 8.9) in the control cattle. 

During May, when the final fecal samples were collected, the comparative counts for Tro- 
lene and control cattle still showed no major fluctuations from the first post-treatment count. 
These averages were 3.9 (0-15, S.D. 3.9) and 6.9 (1-21, S.D. 5.6) EPG, respectively, for 
treated and control animals. (Contribution No. 282 from the Kansas Agricultural Experiment 
Station in the Department of Zoology and No. 321 from the Department of Zoology.)—D. E. 
Worey, Kansas State College, Manhattan. 





SOME MYXOSPORIDIA FOUND IN PACIFIC NORTHWEST 
SALMONIDS 


W. T. YASUTAKE AND E. M. Woop 


U. S. Fish and Wildlife Service, Salmon Nutrition Laboratory, Cook, Washington 


During the histological examination of a group of wild and hatchery salmonids 
undescribed sporozoans were frequently observed. This was not unexpected, since 
Myxosporidia are typical fish parasites (Kudo, 1920). Myxidium were observed 
in kidney tubules, Chloromyxum in glomeruli, and Myxobolus in the spinal cord 
and on epidermal scales. The present paper will deal with the description and 
identification of these unclassified Myxosporodia. 


METHODS AND MATERIAL 


Approximately 150 sampies of wild and hatchery salmonids were collected over a 2-year 
period 1n Oregon and Washington. The hatchery collections were obtained from 40 State and 
Federal hatcheries. The wild samples were collected from fresh water streams by seine, gill net, 
electrical shocking equipment, angling or various trap devices. 

The following species were examined: brook trout (Salvelinus fontinalis), brown trout 
(Salmo trutta), cutthroat trout (S. clarkii), rainbow and steelhead trout (S. gairdneri), chinook 
salmon (Oncorhynchus tshawytscha), chum salmon (O. keta), coho salmon (O. kisutch), pink 
salmon (QO. gorbucha) and sockeye salmon (O. nerka). 

All specimens were fixed in Bouin’s solution for at least 24 hours and stored in 65% alcohol. 
Longitudinal paraffin sections were routinely stained with hematoxylin and eosin, Wolbach’s 
Giemsa variant, and Heidenhain’s iron-hematoxylin. 

When fresh materials were available, the parasites were observed both with and without 
vital stains. The staining was attempted with such vital stains as methylene blue and neutral 
red but the results were inconclusive. Lugol’s iodine was used for staining iodinophilous vac- 
uoles and 5% NaOH or KOH to extrude the polar filaments (Kirby, 1950). 

To avoid confusion taxonomic and morphologic terminology are based on Kudo’s (1920 and 
1950) definitions. Measurements given below Are in microns. 


DESCRIPTION OF ORGANISMS 
Myxidium minteri n. sp. (Figs. 1-7) 

Habitat. This coelozoic parasite was observed initially in the renal tubules of coho salmon 
taken from Minter Creek on the Olympic Peninsula of Washington. Further studies revealed 
that many species of salmonids, both wild and hatchery, were also infected (Table I). Although 
the organisms were concentrated in the tubules (Fig. 1), they were also occasionally present 
in the hemopoietic tissue adjacent to infected tubules (Fig. 2). This was particularly true in 
fish with extensive infections with resulting tubular degeneration. 


TABLE I.—Distribution of Myxidium minteri n. <p. 


Wild or 


Host 


Brook Trout 
Rainbow Trout 
Rainbow Trout 
Steelhead Trout 
Steelhead Trout 
Steelhead Trout 
Steelhead Trout 
Chinook Salmon 
Silver Salmon 
Silver Salmon 
Silver Salmon 
Silver Salmon 


Taken from 


Ford Hatchery intake 
Rock Creek 

Roaring River 

Sandy River 

Lostine River 

Cedar River 

Alsea River 

Klickitat River 
Minter Creek 

Daniel & Morgan Creek 
Coos River 

Trask River 
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State 


Washington 


Washington 
Oregon 
Oregon 
Oregon 
Oregon 
Oregon 
Washington 
Washington 
Oregon 
Oregon 


Oregon 


Hatchery 


Wild 
Wild 
Hatchery 
Wild 
Wild 
Wild 
Hatchery 
Hatchery 
Wild 
Wild 
Hatchery 


Hatchery 
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Vegetative form. Trophozoites in the sectioned material varied considerably in shape and 
dimension. The outline was generally irregular, although ovoid and spherical forms were not 
uncommon. There was no uniformity as to the distribution of vegetative forms within the 
tubule; some were located centrally (Fig. 3) and cthers were situated along the periphery of 
the tubules adjacent to the epithelial cells (Fig. 4). 

In the paraffin sections the detailed stages of development of the vegetative forms could 
not be determined accurately. There was no evidence of ectoplasmic or endoplasmic division 
of the coarsely granular trophozoite. However, there were strong indications of the presence 
of pansporoblasts. Individual trophozoites measured from 15 to 80 in length and 4 to 40 in 
breadth. 

Spore. The spores were generally uniform in size and shape, although in the sectioned 
materials they were fusiform in both front and side views (Fig. 5). In fresh preparations 
ovoidal forms were observed more frequently (Fig. 6). The sutural line was usually fairly 
straight and distinct, and the spore membrane, bearing several striations, was relatively thick. 
Both of these features, seen with difficulty in paraffin section, were observed readily in fresh 
mounts. 

The polar capsules, 1 at each end, were pyriform or spherical; distinct coiled polar filaments 
were not seen. Several nuclei were usually present in the sporoplasm (Fig. 6), and capsu- 
logenous nuclei were also occasionally observed. The iodinophilic vacuole stain was negative. 

Fresh spores measured 9.3 to 12.6 in length and 6 te 7 in width; polar capsules were 
2.3 to 3.8 in length; extruded filaments (Fig. 7) measured approximately 25. The dimensions 
of the spores in paraffin section tissues were: 8 to 9.6 in length; 3.6 to 5.4 in width; polar cap- 
sules were approximately 1.8 to 3.6 long. 

Identification. To date 66 species of Myxidium have been reported (Kudo, 1933 and 1934; 
Meglitsch, 1937; Fantham, et al, 1939; Davis 1947a). Of these the spores of M. kudoi and M. 
illinoisense, as reported by Meglitsch (1937), resemble most closely the endoparasite described. 
VU. kudoi was found in the gall bladder of the blue or Fulton catfish (Jctalurus furcatus) and 
V. illinoisense in the connective tissue of the kidney of the American eel, Angulla bostoniensis 
Davis (1947a) mentions observing My-xidium sp. in the kidneys of fingerling cutthroat trout at 
an Oregon hatchery, but did not give any morphological details of the organism. 

The trophozoites of M. kudoi with their distinct ectoplasmic and endoplasmic differentiation 
appeared distinct from the homogeneous granular trophozoite observed in the presently de- 
scribed Myxidium. Also, unlike the vegetative form of M. illinoisense, cysts were absent in 
the organism under consideration. In view of the above, it is suggested that the name M yxidium 
minteri n. sp. be given to the parasite. 


My-xidium sp. (Figs. 8-9) 


While examining fresh preparations of kidney smears of rainbow trout from Rock Creek, 
Washington, spores were observed, not infrequently, which were larger than and different from 
those of M. minteri spores. The former spores were fusiform with pointed extremities and with 
pyriform capsules. In all other respects, the vegetative forms as well as the spores were appar- 
ently similar to the 7. minteri both in the fresh and sectioned materials and both occurred in the 
same fish. 

The fresh spores measured 14.5 to 16.4 in length and 6.5 to 8 in breadth. The length of 
the polar capsule was about 3.8; dimensions of the polar filament were not available. The lack 
of adequate specimens precluded an attempt to describe the organism fully. 


Chloromyxum majori n. sp. (Figs. 10-17) 


Habitat. Both vegetative forms and spores of this parasite were first observed in wild 
rainbow trout taken from Major Creek in Klicktat County of Southwestern Washington. As in M. 
minteri this endoparasite was apparently a coelozoic sporozoan and was found primarily in the 
glomerulus. In fish with very extensive infestations, a few spores were also seen in the hemo- 
poietic tissue (Fig. 11). Subsequently, similar spores were seen in a wild yearling steelhead 
from the Sandy River of Oregon and in a hatchery yearling chinook from the experimental 
hatchery at the Salmon Nutrition Laboratory, Cook, Washington. Also, Rucker and colleagues 
(personal communication) recently observed similar spores in fresh kidney smears of chinook 
salmon taken at the Tyee Hatchery, Carson, Washington. 

Vegetative form. Vegetative forms were not observed in fresh materials. Trophozoites in 
sections differed considerably in size and shape, were polysporous and apparently produce mono- 
sporoblastic sporonts. 
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Trophozoites were characteristically located along the periphery of the subscapular space 
just inside the capsular epithelium (Fig. 12). As the invasion became more extensive the tro- 
phozoites completely filled the glomerular capsule and often obliterated the tuft of arterial 
capillaries (Figs. 13-14). 

Spore. The spore was spherical with a shell of medium thickness. Sutural ridge and 
striations were quite prominent in fresh material (Figs. 15-16), and were seen occasionally 
in sectioned tissues. Numerous striations ran obliquely to the straight sutural line. 

The 4 polar capsules located at the anterior end were pyriform in shape, nearly similar in 
size, and stained a vivid deep purple with Giemsa. Polar filaments were extruded with 5% KOH 
(Fig. 17). The sporoplasm was finely granular with occasional nuclei (usually 2) located at 
the posterior end. 

Fresh specimens measured 7 to 8 in diameter; capsule 3.5 to 4. The diameters of the fixed 
spore were 5.6 to 7.4 and capsules 2 to 3.6. Accurate length of the extruded polar filaments was 
unobtainable due to the tendency for them to coil erratically. 

Identification. Kudo (1933) lists 41 species in the genus Chloromyxum. To date there 
have been no new species reported since the publication of his comprehensive list. Only 3, 
C. leygidi Mingazzini 1890 (Fantham and Porter, 1947), C. truttae Leger 1906 (Davis, 1947b) 
and C. salvelini Fujita 1923 have been seen in salmonids. The gall bladder was the focus of 
infestation of all 3 of these species. The organisms described here, however, seem to be spe- 
cifically a glomerular parasite. Of the 3 noted above, C. truttae compares closest to the 
glomerular sporozoan, but in all characteristics, particularly the size of the polar capsule, it 
was not similar to this organism. The polar capsules of C. truttae varied in size but in the 
endoparasite discussed here the sizes were nearly equal. The name Chloromyxum majori 
n. sp. is therefore proposed. 


My-xobolus kisutchi n. sp. (Figs. 19-24) 


Habitat. This myxosporidian was found in the spinal cord of the majority of the coho 
salmon examined from Minter Creek. The age of the fish ranged from 3 to 14 months. It 
is noteworthy to mention at this point that a similar organism was observed on the epidermal 
scales of 1 wild rainbow trout taken at Salmonberry River, Clatsop County, Oregon (Fig. 
18). With the limited material available, however, this latter organism was tentatively iden- 
tified as identical to the Minter Creek spinal cord sporozoan. 

Vegetative form. Vegetative forms of this parasite were not observed in the wet mount 
or the sectioned tissues. 

Spore. The front view of the fresh spores was subspherical or oval (Fig. 20). The 
anterior and side views were fusiform with the sutural ridge giving both ends a pointed ap- 
pearance (Fig. 21). In the sectioned material, oval spores were not observed (Fig. 22). The 
relatively thick shell, lacking striations in both the fresh and fixed preparations, had a fairly 
straight sutural line (Figs. 21 and 22). Two pyriform polar capsules located at the anterior 
end stained prominently with Giemsa stain. Generally the coiled polar filament within the 
capsules showed up clearly in fresh material (Fig. 21). Occasional sporoplasms were also 
stained vividly with Giemsa. One or 2 nuclei were present in many homogeneous sporoplasms. 
The comparatively large iodinophilous vacuoles were distinct (Fig. 23). 

Measurements of spores from sectioned material were: 7 to 8.5 in length, 6.5 to 7 in 
width, 3.5 to 3.8 in breadth. Polar capsules measured 3.8 to 5.5 in length. Polar filaments 
extruded with 5 percent KOH were 25 to 30 long. 

Identification. Only 1 species in the genus Myxobolus warrants discussion, M. neurobus 
Schuberg et Shroder (Kudo, 1920). This species was found in the nervous tissue of Trutta 
faris L. Unfortunately the precise seat of nervous tissue infection was not related. How- 
ever, it is characterized by cyst formation as are the majority of this genus (Kudo, 1933, 
1934, Fantham et al, 1939). Cysts were completely absent in the sporozoan under consider- 
ation. Only full-grown spores, without any apparent younger stage, were found in M. neuro- 
bus. This was also the case with the parasite described here. The morphologic details 
of both species were likewise quite similar except for the somewhat thicker shell of the M. 
neurobus. Because no described species conform with all particulars of this organism, the 
name Myrobolus kisutchi n. sp. is proposed. 


DISCUSSION 


It is generally believed that myxosporidia are comparatively non-pathogenic 
parasites. The infrequency of reported epidemics in fish hatcheries due to these 
organisms (Noble, 1950; Davis, 1953) has been one of the factors contributing to 
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this interpretation. In the studies reported here, however, there has been consistent 
indication that sporozoans may be the agents of significant tissue damage. 

Little is known concerning the disease factors which affect the survival of those 
salmonids that migrate to the ocean as juveniles and spend the major part of their 
life cycle in salt water. It is rather commonly observed, however, that the return 
of adults, based on known juvenile escapement, is far below expectations. These 
instances are usually lumped in the category of unexplained “natural catastrophe”. 
In view of the marked kidney damage frequently observed in this study, it appears 
likely that further studies would be well justified. This is particularly true when 
the role of the kidney in osmotic balance during transition from fresh to salt water 
is considered. 

The distribution of organisms in wild and hatchery fish and in the various species 


of salmonids is also of interest, the incidence of M. minteri being the best example 


(Table I). Of 12 affected species, 9 are anadromous. Thus it is apparent that, if 
these myxosporidians were inimical during the later stages of the life history, they 
would occur while the fish were not under observation. Of the 3 species of trout 
listed, 2 were wild and both of these were badly stunted adults. These wild fish 
were resident in small cold streams and their size was not considered particularly 
unusual in this environment. However, the condition of poor growth in the wild 
adult trout appeared as well correlated with the incidence of myxosporidian infection 
as it was with environment. 
SUM MARY 

Three new myxosporidian species observed in samples of hatchery and wild 
salmonids collected in the Pacific Northwest are described and illustrated. The 
new species under consideration are: Myxidium minteri, found in the renal tubules, 
Chloromyxum majori in the glomerular capsule, and Myxobolus kisutchi in the 
spinal cord. 
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RESEARCH NOTES 


THE LONG-NOSED CATTLE LOUSE, LINOGNATHUS VITULI, 
COLLECTED FROM A GOAT 

The long-nosed cattle louse, Linognathus vituli,.and the African blue louse, Linognathus 
africanus, were collected from a goat in southern Georgia. Because there is apparently no 
previous record of L. vituli on goats, the history of the host animal and of the herd from which 
it came is briefly presented. 

In September 1955, the writer visited a herd of about 60 goats which was known, by previ- 
ous fecal examinations, to be heavily infected with various species of gastrointestinal helminths. 
This goat herd had been maintained with a small herd of cattle on one pasture for several 
years. During August and September many of the goats developed diarrhea, lost weight, and 
became emaciated ; 5 died. Inspection of several goats revealed heavy infestations of lice. One 
kid with typical symptoms of parasitism was taken to the laboratory for necropsy and detailed 
examination. 

The affected kid had a packed erythrocyte volume (hematocrit) of 21% and 5,090 nematode 
eggs per gram of feces. From the gastrointestinal tract 6,665 Trichostrongylus spp. (T. axei 
and 7. colubriformis) and 211 Oesophagostomum columbianum were recovered. This animal 
was heavily infested with biting lice, Bovicola sp., and 2 species of sucking lice, identified by 
Mr. Allen McIntosh as L. vituli and L. africanus. The kid had large, raw lesions on the 
shoulders, probably caused by the urticaria produced by the tice and by the host’s efforts to 
obtain relief therefrom by rubbing and scratching. It is possible that the louse infestation may 
have contributed to the moderate anemia observed in the kid—W. W. BecKLUND, Animal 
Disease and Parasite Research Division, Agricultural Research Service, U. S. Departme t of 
Agriculture, Tifton, Georgia. 


DERMANYSSUS GALLINAE (DE GEER, 1778) 
ATTACKING MAN 


A family in Danvers, Massachusetts, reported being bitten by what they believed to be mites. 
The author obtained several specimens from their living quarters and identified them as the 
chicken mite, Dermanyssus gallinae (DeGeer, 1778). 

The mites first appeared in the house during the latter part of May, 1957, when several 
pigeons were nesting under the eaves outside the family’s second floor apartment. Subsequently 
mites were found widely distributed in the apartment with the main concentration in the bath- 
room, where they could be seen clustered in cracks and behind a mirror and other objects. 

Two adults and a 14-month-old child were bitten frequently over a period of about 2 weeks. 
Bites were most numerous on the limbs and around the waist and took the form of small 
unraised red patches on the skin. Severe dermatitis, like that reported in a baby by Baker and 
Wharton (1952, An Introduction to Acarology, The Macmillan Co., N. Y., p. 86), was not 
produced. The parents felt no pain, although attacks by this parasite have been described as 
painful (Berndt, 1952, J. Econ. Entom. 45: 1098). Pruritus, however, caused considerable 
discomfort. The redness and pruritus at the site of each bite disappeared after 1-2 days. 

The widespread use of 5% DDT in the apartment and the elimination of the pigeons by 
shooting resulted in the eradication of the mites within a few days. However, since these 
control measures were not taken when the mites were first seen, the total length of time that 
they were present in large numbers was approximately 2 weeks. 

The overpopulation of the pigeon nests with the mites may have been a factor in causing 
this invasion of the house.—Stewart DuncAN, Department of Biology, Boston University. 
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EXPLANATION OF PLATES 


Spores in the renal tubules. x 400 

Spores in the renal hemopoietic tissue. 400 
Trophozoites in the renal tubule. x 400 
Trophozoites in the renal tubule. 400 
Spores (paraffin section). 900 

Spores (wet mount). 900 


My.xidium minteri n. sp., spore with extruded filaments. x 900 
Mysxidium sp. (wet mount). 900 


10-12. Chloromyxum majori n. sp. 


10. 
11. 


12. 


13. 
14. 
15. 
16. 
17. 
18. 


19, 
20. 
21. 
22. 
23. 
24. 


Spores in the glomerulus. x 400 
Spores in the renal hemopoietic tissue. 400 
Trophozoites in the glomerulus. 400 


Trophozoites and spores in the glomerulus. x 200 
Trophozoites and spores in the glomerulus. x 200 
Spore (wet mount) Phase. x 1800 

Spore (wet mount). x 1800 

Spore with extruded polar filament. 900 
Myxobolus kisutchi n. sp. Spores on the scale. x 400 


Spores (wet mount). 

Spores (paraffin section). 

Spores (wet mount). 

Spores (paraffin section). 

Spore with iodinophilous vacuole. 
Spore with extruded filaments. 
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PLATE I 


Ficures 1-6. Mysxidium minteri n. sp. 
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Pirate III 


Figures 13-17. Chloromyxum majori n. sp. 





THE JOURNAL OF PARASITOLOGY 


PLate IV 


Ficures 19-24. Myxobolus kisutchi n. sp. (all figures x 900) 





THE LARVAL DEVELOPMENT OF 
HYMENOLEPIS DIMINUTA AND H. CITELLI* 


AtvIn H. RoTHMAN 


Department of Pathobiology, School of Hygiene and Public Health 
Johns Hopkins University, Baltimore, Maryland 


Only a few patterns of larval development in the genus Hymenolepis have been 
elucidated. These include studies on Hymenolepis diminuta by Narihara (1937) 
and Joyeux (1920), Hymenolepis exigua by Alicata and Chang (1939), and Hy- 
menolepis cantaniane by Jones and Alicata (1935). 

Narihara (1937) and Joyeux (1920) in describing the development of the cysti- 
cercoid of Hymenolepis diminuta reported that the larval scolex develops external 
to the cystic structure and subsequently invaginates. Bacigalupo (1926) stated 
that the external scolex stage is an artifact produced when the intermediate host is 
dissected. The work reported herein substantiates the findings of Narihara and 
Joyeux. 

Recently, Voge (1956) described the development of H. citelli, a species whose 
adult form closely resembles H. diminuta. She indicated that the scolex of H. citelli 
develops inside the cystic structure rather than externally, as in H. diminuta. 
Voge utilized this difference in development as further evidence of the specific dis- 
tinctness of H. citelli and H. diminuta. The report presented below will indicate 
certain errors in the description of Voge (1956) and will compare the larval devel- 
opment of H. diminuta and H. citelli. 


MATERIALS AND METHODS 


Gravid segments of H. diminuta and H. citelli were fed to beetles, Tribolium confusum, 
which had been starved for 48 hours. The beetles were kept in a 25° C incubator throughout 
the study. Larval stages were dissected from the beetles in a 0.9% NaCl solution and photo- 
micrographs were taken of the developing stages. 

The work reported below was carried out with the strain of H. citelli obtained from Dr. 
Marietta Voge. 

Development in the Intermediate Host 


It was shown by Reid, Allaman and Fitch (1951) that the shell of the egg of 
H. diminuta is cracked off by the mandibles of the beetles ingesting it. At this time, 
the onchosphere passes into the gut where it is presumed that the action of the en- 
zymes enables the embryonic hooks to free the embryo from its limiting membranes. 

The development of the embryo to the mature larval cysticercoid is very similar 
in the species H. citelli and H. diminuta. However, the rate of development within 
each species and in any individual intermediate host varies and necessitates the sub- 
jective selection of representative stages for study. 

For this study, the anterior end of the larvae is defined as the portion from 
which the scolex develops and is opposite to the cercomer. The cercomer is con- 
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sidered apart from the main portion of the cyst, and the cyst is defined as the struc- 
ture that contains the scolex after development is completed. 

The term “invaginate,” in the following discussion, indicates that the larval 
scolex has moved to a position within the cyst. In its usual usage, the term implies 


that the scolex is in an inverted position. In this case, the scolex is not inverted. 
The observations reported below were made on consecutive days starting on the 
second day of infection. 
2 days after infection (Figs. 8 and 17): The larvae of both species are spherical 
and have increased in diameter. The hooks are relatively large and project from 
the surface. Refractile particles may be seen in the larvae of H. citelli, but few, if 
any, are seen in the larvae of H. diminuta. 
3 to 5 days after infection: The larvae of both species are spherical and increasing 
in size. 
6 days after infection: A central cavity has started to form which when completed 
will leave a uniform layer of cellular material on the periphery of the H. diminuta 
and H. citelli larvae. The larvae of both species (Figs. 1 and 10) are still spherical. 
The larval hooks of the 2 species have assumed a position which they tend to main- 
tain throughout the subsequent development. The hooks, identified as the middle 
pair in the onchosphere, lie parallel to each other at one end of the organism. The 
other 2 pairs are situated equatorially ; the blades of each of these equatorial pairs 
are crossed or touching at the tips. The refractile particles are still seen in the 
periphery of H. citelli (Fig. 10). 
7 days after infection: The larvae of both species (Figs. 2 and 11) have become 
elongated. One extremity is blunt and has a thickened appearance due to conden- 
sation of nuclei; the other end, the region of the parallel hooks, is more attenuated. 
The 2 lateral pairs of crossed hooks remain in the equatorial position. The blades 
of all hooks are directed away from the future scolex. 
8 days after infection: Just above the equatorial hooks there is a constriction which 
delineates the cysticercoid cercomer, of both species, from the remainder of the 
body. The 3 pairs of hooks are now in the cercomer ; the parallel pair is near the 
terminal end, and the 2 crossed pairs are near the base of the cercomer. The con- 
striction divides the central cavity of H. diminuta (Fig. 3) into 2 parts: a body 
cavity, and a cercomer cavity which disappears. In H. citelli (Fig. 12) the con- 
striction in most cases does not dissect the central cavity. In both species the cavity 
of the cyst proper becomes partially or totally filled with a dense material which 
will form the vesicle that receives the scolex. The portion which subsequently 
forms a defined cercomer is much larger in H. diminuta than in H., citelli. 
9 days after infection: The thickened opaque area at the anterior end of the larvae 
of the 2 species (Figs. 4 and 13) has begun to show differentiation. This region, 
in both species, elongates to form an expanded head and slender neck. Four suck- 
ers become recognizable. Calcareous granules are seen in paramedial longitudinal 
columns in the neck. 
10 days after infection: The scolex of both species shows more differentiation and 
is partially or totally withdrawn into the cyst proper. An opening at the anterior 
extremity marks the path followed by the scolex during invagination. At this 
point in development, the embryonic hooks of H. diminuta are within the cercomer, 
whereas, the 2 pair of hooks of H. citelli, which were in the base of the short cer- 
comer, are on the cyst itself. 
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11 to 14 days after infection: The invagination path of the scolex in both species 
has closed or is in the process of closing. The author has demonstrated during a 
study of the excystation phenomenon, that the invagination path of H. citelli (Fig. 


15) becomes obliterated except for a small opening on the surface, and that the path 
of H. diminuta remains patent (Fig. 6). 

There is a concentration of calcareous granules at the anterior end of the larvae. 
In H. citelli (Fig. 16) the granules are in 1 large cluster; in H. diminuta (Fig. 7) 
the granules are divided into 2 portions, one in each of the anterior projections. of 
the vesicle which contains the scolex. In both forms there are also some granules 
which can be seen dispersed in the body of the scolex. 

The shapes of the cysts proper of the mature cysticercoids vary. The cyst of 
H. citelli excluding the tail is spherical or ellipsoidal. The cyst of H. diminuta ex- 
cluding the tail is cardioid. 

The embryonic hooks of the mature H. diminuta larvae are all in the cercomer. 
The cysticercoid of H. citelli has only the middle pair of embryonic hooks in the 
cercomer, the other 2 groups are on the lower half of the cyst proper. 

A clear area forms around the cyst proper of the maturing cysticercoid of H. 
diminuta. A layer of acellular material more superficial to this clear area forms 
and broadens with age. Striations perpendicular to the surface develop through- 
out the superficial substance. 


DISCUSSION 

The considerable variation in the rate of development of the cysticercoids under 
apparently identical conditions is not readily related to the physiological differences 
between beetles, since such variations in the rate of cysticercoid differentiation have 
been observed in larval worms from the same individual beetle, 

Voge’s report (1956) that the differentiation of the scolex of H. citelli occurs 
within the cystic structure has not been confirmed. Thus, Voge’s conclusion that 
H. citelli and H. dimjnuta differ, in that the former species shows internal and the 
latter external scolex development, is not a valid one. The 2 species differ in minor 
details of development, and the cysticercoids of the species are readily distinguished 
morphologically. It should be noted that the presence or absence of an invagination 
path in the mature larvae does not indicate the type of larval development. 

Two other species of Hymenolepis known to develop an external scolex (Ali- 
cata and Chang, 1939; Jones and Alicata, 1935) are H. exigua and H. cantaniana. 
Two species known to develop the scolex within the cyst (Hamann, 1890; Schiller, 
unpublished data) are H. tenuirostris and H. nana. 

It is the author’s opinion that these 2 general types of larval development will 
prove to be characteristic of the genus Hymenolepis. 

Information on cysticercoid development and cysticercoid morphology may 
prove very useful in the taxonomy of the species of Hymenolepis. A case in point 
is indicated in this report. Some authors, e.g. Hansen (1950), have reported that 
the adult of H. citelli is not readily distinguished from the adult of H. diminuta; 
yet the mature larvae are easily separated. 

The differences between the eggs of the 2 species may be noted in Figures 9 and 
18. The shell of the H. citelli egg appears more mottled and more oval than the 
shell of the H. diminuta egg. Furthermore, the embryo of H. citelli appears to be 
larger. 
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SUM MARY 


A comparative study on the cysticercoid maturation of H. diminuta and H., citelli 
has indicated that: 

1. The pattern of development of the cysticercoids of both species is similar, 
although several minor differences in detail were observed. 


2. The larvae of both species develop external scolices which invaginate. 


3. The mature cysticercoids of the 2 species can be readily distinguished by 


morphological characters. 
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PLATE I 


The stages of development cf /!ymenolepis diminuta in Tribolium confusum 
Figure 1. 6-day-old larva 
Figure 2. 7-day-old larva 
Ficure 3. 8-day-old larva 
Ficure 4. 9-day-old larva 
Ficure 5. 10-day-old larva 
Ficure 6. 11-day-old larva 
Ficure 7. 14-day-old mature larva 
Ficure 8. 2-day-old larva 
FicurE 9. Egg 
10 uw scale refers to Figures 8 and 9 
100 u scale refers to Figures 1 through 7 


PLaTE II 


The stages of development of Hymenolepis citelli in Tribolium confusum. 
Ficuri 10. 6-day-old larva 
Figur: 11. 7-day-old larva 
Ficurrt 12. 8-day-old larva 
Ficurr 13. 9-day-old larva 
Ficurr 14. 10-day-old larva 
Ficurr 15. 11-day-old larva 
Ficurr 16. 14-day-old mature larva 
Figure 17, 2-day-old larva 
Ficure 18. Egg 
10 w scale refers to Figures 17 and 18 
100 uw scale refers to Figures 10 through 16 
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SYSTEMATIC POSITION OF FILARIA HELICINA MOLIN, 1858, 
FROM THE BRAIN CAVITY OF THE SNAKEBIRD, 
ANHINGA ANHINGA 


Everett E. WEHR AND JosEPH C. HWANG 


Animal Disease and Parasite Research Division, Agricultural Research Service 
U. S. Department of Agriculture, Beltsville, Maryland 


A few specimens of a filarioid nematode, which were removed from a position 
just underneath the pia mater layer in the region of the cerebellum of a snakebird, 
Anhinga anhinga, in Georgia by Mr. R. A. Norris, Museum of Vertebrate Zoology, 
University of California, were sent to one of us (EEW) for determination. An 
examination of these specimens showed them to be strikingly similar to Wyman’s 
species, Filaria anhingae, which was figured and described by him in 1868. 

A preserved specimen of the head of a snakebird with several nematodes lying 
on the brain, from which the cranial covering had been removed to expose the 
worms in situ, was found in the U. S. National Museum Helminthological Collec- 
tion as No. 6588. This specimen was collected by Jeff. Wyman (Plate I, Fig. 1) 
and is apparently a part of Wyman’s type material on which F. anhingae was based. 
The specimen was received from the Leidy Collection and deposited in the above- 
mentioned helminth collection on March 1, 1901. Upon examination, we found a 
close resemblance between the nematodes collected by Wyman and those submitted 
by Mr. Norris. 

A search of the literature has disclosed that several lots of nematode material 
have been collected from the cranial cavity of Plotus anhinga ( Anhinga anhinga) at 
different times and by different collectors. Since different scientific names were 
given to these specimens, we attempted to secure on loan as much of this material 
as possible in order to determine whether it represented one or several species. We 
were also desirous of studying these nematodes because of (1) their unusual loca- 
tion within the body of the host and (2) our interest in determining the manner 
in which a study of them might alter or strengthen the more recently revised clas- 
sification of the filarioid nematodes. 

Through the kindness of Dr. Harald Rehder, U. S. National Museum, Wash- 
ington, D. C., we received for study 2 lots (Nos. 4928 and 5114) of nematode 
material from the museum of the University of Pennsylvania at Philadelphia, which 
had been collected from the cranial cavity of Plotus anhinga and renamed by Wal- 
ton (1927) as Serratospiculum helicinum (Molin, 1858). According to the label 
accompanying these specimens, they had been originally determined by Leidy as 
Filaria helecina Molin, 1858 (apparently a misspelling of helicina). We also re- 
ceived and examined several specimens of Filaria helicina Molin, 1858, from the 
Vienna Museum (M.C.V.), which were loaned to us on the request of Dr. Rehder. 

A careful study of the above 4 lots of material from the cranial cavity of the 
snakebird, Plotus anhinga, showed that they represented only 1 genus and 1 species. 

According to the classification of Wehr (1935) and Chabaud and Choquet 
(1953), filarioid nematodes with reduced buccal capsule, with head devoid of ce- 
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phalic spines, and with first-stage larvae of the “microfilaria-like” type and bearing 


no rows of spines, belong to the family Dipetalonematidae Wehr, 1935. Since 
the cranial nemato ies from the snakebird possess the above-mentioned characters, 
they are, therefore, consigned to this family. A new subfamily, however, is pro- 
posed for them. 

Anhingofilariinae new subfamily 


Description: Dipetalonematidae : Worms slender and coiled in situ. Cuticle with fine trans- 
verse striations. Head without “épaulette-like” formations and cuticular, finger-like projections 
lateral to mouth opening. Oral opening small, circular in shape. Cephalic papillae consisting 
of 8 in external circle, dorsodorsals and ventroventrals approximately on same level as latero- 
dorsals and lateroventrals. In en face view, dorsodorsals and ventroventrals located at corners 
of what appears to be a flat, square cuticular thickening or shield. Laterodorsals and latero- 
ventrals located slightly ventral to other 4 on what appears to be another plane. Amphids pres- 
ent and very conspicuous. Buccal capsule much reduced. Esophagus consisting of a relatively 
short, anterior, muscular portion and a long, posterior, glandular portion, latter only slightly 
wider than anterior. 

Male: Caudal alae absent. Spicules unequal, but similar. Anal region short. 

Female: Vulva in anterior part of body. Anal region short. Viviparous Eggs thin- 
shelled. First-stage larva slender, without denticles or cuticular spines, slightly attenuated at 
posterior end. 

Type genus: Wymania new genus. 


Wymania new genus 


Description: Anhingofilariinae: Male: About % length of female. Spicules similar, long 
one approximately twice as long as short one, stout. Tail bluntly rounded at tip, curved ven- 
trally. Cuticle on ventral surface arranged in a series of regular-sized loops or convolutions for 
a considerable distance anterior to anal opening. /fevrale: Genital opening a short distance 
posterior to union of 2 portions of esophagus. Anal region short. 

Genotype: Wymania helicina (Molin, 1858) new combination. 


Wymania helicina (Molin, 1858) n. comb. 
Synonyms.—Filaria helicina Molin, 1858; Serratospiculum helicinum (Molin, 1858) Walton, 
1927; Filaria anhingae Wyman, 1868; Filaria wymani Leidy, 1882. 
(All measurements in millimeters ) 


Description: Worms slender, coiled in situ. Cuticle with fine transverse striations. Buccal 
capsule reduced. Esophagus divided into a short, anterior muscular portion and a long, posterior, 
glandular part, latter claviform (Plate II, Figs. 2 and 3). 

Male: Length 27.5 and width approximately 0.28. Total length of esophagus 4.35; anterior, 
muscular portion 0.476 long and posterior, glandular portion 3.874 long. Nerve ring 0.152 from 
anterior end of body. Spicules stout, similar, but unequal; left or long spicule 0.263 and right 
or short spicule 0.132 long. Anal opening 0.107 from end of tail. Caudal alae absent. Caudal 
papillae limited to 1 pair of postanals located near tip of tail. Tail bluntly rounded at tip, 
curved ventrally. Cuticle on ventral surface thrown into a series of loops or folds for a con- 
siderable distance anterior to anus. (Plate II, Fig. 1). 

Female: Length 62.0 and width 0.55. Total length of esophagus could not be measured 
because posterior portion of glandular portion was obscured by uteri. Anterior part of esopha- 
gus 0.549 long. Nerve ring 0.18 and vulva 1.26 from anterior end of body. Embryonated eggs 
thin-shelled, 0.03 long and 0.02 wide (Plate II, Fig. 6). Larva approximately 0.151 long, 
slightly narrower at posterior end (Plate II, Fig. 7). 

Host: Snakebird, or water turkey, Anhinga anhinga. 

Location: Brain cavity, between arachnoid and pia mater layers above cerebellum. 

Locality: Cook County, Georgia, U.S.A. 

Hypotypes: Male and female (No. 47486), additional specimens (No. 47487), in U. S. Na- 
tional Museum Helminthological Collection, Beltsville, Maryland. 

Type material: Molin’s syntypes (‘‘Cotypen”), were deposited in Vienna Museum (M.C.V.), 
Austria. Measurements of a few body structures of a selected male and female from among 
several specimens borrowed from the above museum are given in Table I. In the vial contain- 
ing these specimens is a label which reads as follows: 

“Serratospiculum helicinum (Mol.) 
Wirt: Plotus anhinga 
12 Ex. Cotypen” 
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TABLE I.—Measurements of comparable body structures of four lots of nematodes 
collected from the cranial cavity of Anhinga anhinga 


Serratospiculum Filaria helicina Serratospiculum 


helicinum U.S.N.M. Helm. helicinum agg er 
(Walton, 1927) Coll. No.6588 (Molin) M.C.V. % , 


Body length 31(m)* 20.40(m) aA 27.50(m) 
65(f)* 65 (f) eu 62(f) 
Body width 0.5(m) 0.30(m) ote 0.28 (m) 
1.0(f) 0.56 (f) ee 5 
Esophagus length— 1.75 3.30 (m) 3.61(m) 
Muscular 0.459 (m) 0.324(m) 
0.642 (f) 0.336 (f) 0.549 (f) 
Glandular (2:3 2.841(m) 3.286 (m) 3.874(m) 
Esophagus width 0.06 0.033 (m) 0.031 (m) 0.048 (m) 
Muscular 0.041 (f) 0.08 (f) 
Glandular 0.16 0.098 (m) 0.070 (m) 0.14(m), 0.2 (f) 
Anterior end of body to 
nerve ring 0.16 1 0.164(m) 0.152(m) 
5 0.197 (f) 0.18(f) 
Anterior end of body to vulva 2.10 .92 1.049 1.26 (1.00—1.26) 
Uterus length 0.50 es _ Ss 
Posterior end of body te anus 0.125-—0.15(m) 0.098 (m) 0.095 (m) 0.107 (m) 
0.09 (f) 0.71 (f) es 0.74 (f) 
Long (left) spicule 0.44 0.230 0.210 0.263 
Short (right) spicule 0.10 0.132 0.115 0.132 
Preanal papillae 6 pairs none none none 
Postanal papillae 5-6 pairs 1 or Ilpair 1 or Ilpair 1 or 1 pair 
Egg 0.02 x 0.014 0.026 x 0.017 0.026 x 0.016 0.03 x 0.02 
Larva 0.09 x 0.006 0.150 os : 


* (m) = male. 
+ (f) =female. 


The above specimens were found to be in a poor condition, so that all structures of diag- 
nostic importance could not be ascertained. It was possible, however, to make rather accurate 
drawings of the anterior end of female and posterior end of male, which are shown in Plate I, 
Figures 2 and 3. These illustrations, when compared with Figures 1 and 3 or Plate II, show 
that we were dealing with the same species. 

Other specimens examined: 

1. Two lots from Leidy’s collections in the museum of the University of Pennsylvania at 
Philadelphia. L. 234. Cat. No. 4928. Filaria helecina. From Plotus anhinga. L. 218. Cat. 
No. 5114. Filaria. Florida. Collected by Dr. B. H. Warren, March 1885. Both lots were re- 
named Serratospiculum helicinum by Walton, 1927. 

2. Wyman’s specimen in the U.S.N.M. Helminthological Collection, No. 6588. Filaria 
helicina. From Plotus anhinga. St. John’s River, Florida. Collected by Jeff. Wyman. Deter- 
mined by Leidy. 

Table I gives measurements (in millimeters) of comparable body structures of the 4 lots 
of material represented in this study. All of the measurements recorded, except those for Ser- 
ratospiculum helicinum (Walton, 1927), were made by us from specimens taken from the 3 lots 
of material which were available for study. While there are some variations in the length and 
position of certain of the body structures as given by the several authors, they appear to be 
slight and are not considered significant. 


DISCUSSION 


Molin (1858) described Filaria helicina on the basis of several specimens of a 
nematode which had been collected from the brain cavity of Plotus anhinga in Bra- 
zil by Natterer and deposited in the Vienna Museum (M.C.V.). Molin’s descrip- 
tion of this species is very brief and inadequate for comparative purposes, except 
for measurements of total length and breadth of the worms. Ten years later, Wy- 
man (1868) described and illustrated, under the name of Filaria anhingae, some 
nematodes which he had collected from the brain cavity of Plotus anhinga in Florida. 
Specimens of this nematode, so it is reported, were presented to Leidy by Wyman. 
According to Joseph Leidy, Jr. (1904), these specimens were later destroyed by 
fire in 1881. Joseph Leidy, Sr. (1882), perhaps out of respect to his good friend 
Wyman, gave the name Filaria wymani to some nematodes which Joseph Wilcox 
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had collected from the brain cavity of Plotus anhinga in Florida. He had evidently 
overlooked the fact that 14 years earlier, in 1868, Wyman had given the name Filaria 
anhingae to nematodes taken from the cranial cavity of the same host collected in 
Florida. 

It must have been about this time, although no mention is made of it in the 
literature, that Joseph Leidy, Sr., heard about or saw Molin’s paper (1858) in 
which he described Filaria helicina. Although the motive that prompted him to 
do so is not known with certainty, Leidy (1886) synonymized Filaria anhingae 
Wyman, 1868, and Filaria helicina Molin (1858). Thus it must be concluded that 
he recognized the similarity in the above several lots of nematodes collected from 
the cranial cavity of Plotus anhinga. 

The specimens collected by Norris and sent to this laboratory for identification, 
so far as we are aware, are the only specimens of this nematode which have been 
collected from the cranial cavity of the snakebird since those referred to by Leidy. 
Since the brain cavity of the bird is perhaps rarely examined for parasites, it is 
understandable why these worms, inhabiting as they do such an unusual part of the 
bird’s body, might have been easily overlooked by parasite collectors for a long time. 

Walton (1927) published a paper entitled “A Revision of the Nematodes of 
the Leidy Collections,” in which he re-examined specimens of Filaria helicina and 
renamed them Serratospiculum helicinum (Molin, 1858). He gave a very complete 
description of both the male and female specimens, with illustrations of the dorsal 
view of the head of the female and a lateral view of the posterior end of the male. 

In his description of Serratospiculum helicinum, Walton stated that “the ter- 
minal mouth is bounded by laterally placed small three-lobed structures, the ‘épau- 
lettes’ of Skrjabin 1917, and two lateral and eight sub-median papillae.” In lat- 
eral view, a suggestion of cuticular thickening of the material examined by Walton 
can be seen. In en face view, however, a thickened cuticular shield surrounding 
the mouth opening is present beyond question, but it is not in the form of an “épau- 
lette” as originally conceived by Skrjabin and others. Moreover, it does not present 
a kidney-shaped, trilobed structure laterally on either side of the mouth opening, 
a character which has been illustrated for a number of species of the genus Serrato- 
spiculum and which can be clearly seen only in en face view. There are other mor- 
phological features of the cranial nematodes from Anhinga anhinga, which do not 


permit them to be retained in the genus Serratospiculum. As defined by Baylis 
and Daubney (1926) and Yorke and Maplestone (1926), this genus comprises 
species with thick-shelled eggs ; with esophagus divided into 2 distinct parts, the 
posterior portion being much longer and much broader than the anterior part ; with 


tail of male provided with alae which are supported by preanal and postanal papil- 
lae; and with spicules unequal and dissimilar. The nematodes from the cranial 
cavity of Anhinga anhinga, however, have thin-shelled eggs; the posterior portion 
of the esophagus is only slightly broader than the anterior part; the tail of the male 
is lacking alae, with only 1 pair of postanal papillae near tip; and spicules are un- 
equal, but similar. Furthermore, Wehr (1935) found the first-stage larva of Ser- 
ratospiculum to be spiruroid-like, short and stout, with anterior and posterior ends 
surrounded by 1 or more rows of posteriorly directed spines. These characters 
were not found on the first-stage larva of the species discussed in the present paper, 
which, instead, is microfilaria-like, long, slender, and devoid of spines. 
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The present study has made it possible to clear up the confusion surrounding 
the taxonomic status of a nematode which has been seen only rarely by helminthol- 
ogists. It is hoped that more and more helminthologists who are interested in the 
study of the filarioid nematodes will, as opportunity permits, unravel some of the 
confusion surrounding the systematic position and relationship of other species of 
nematodes of this group. It is gratifying to know that, as knowledge of the mor- 
phology and differential characters of the filarioid nematodes increases, those groups 
which contained at one time a large number of composite species are slowly becom- 
ing rearranged into smaller groups having similar characters. 
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AN APPARATUS FOR RAPID COLLECTION OF FLEAS 
FROM RODENT NESTS 


VirciL I. Mites AND ALVA R. KINNEY 


U. S. Department of Health, Education, and Welfare, Public Health Service 
Communicable Disease Center* 


Ecological studies of plague at the San Francisco Field Station, U. S. Public 
Health Service, necessitate the processing of thousands of fleas from the nests and 
burrows of native rodents. Since the determination of plague-positive fleas con- 
stitutes an essential feature in the study of wild rodent plague, the speed and effi- 
ciency with which these ectoparasites can be collected are critical factors in a routine 
schedule of studies set up for continuous observations throughout 1 or more years. 

It has long been the practice to collect terrestrial mites and small insects by 
means of the Berlese funnel. The use of modified Berlese funnels to separate such 
arthropods from the debris in which they are found is described by Baker and 
Wharton (1952). This consists of wrapping the debris in cheesecloth and placing 
it in a large metal funnel over which is an electric light in a reflector; desiccation 
of the debris forces the arthropods to the bottom of the funnel into a collecting jar 
during a period which may last as long as 3 days. Using similar equipment for 
mass collecting of mites from birds’ nests for virus studies, the process was accel- 
erated by periodically removing portions of nest material as heating progressed 
(Miles and Lane, to be published). In separating fleas from rodents nests, a large 
funnel is required to prevent escape of fleas from the volumes of material comprising 
some rodent nests. Furthermore, by providing for a spreading of the material and 
forcing the heated air through it, the process is vastly accelerated. Speed is essen- 
tial in plague studies since each flea may have to be taxonomically determined and 
then must undergo biological and bacteriological testing for the presence of 
plague. ‘The apparatus here described has met the requirements of speed and effi- 
ciency in collecting fleas, and has proved to be invaluable to our program of plague 
ecology. 


THE APPARATUS 


The body of the apparatus consists of a cylindrical galvanized iron bucket, 14” in 
diameter and 18” deep, with bottom removed. Four removable wire baskets 2” 
deep are fitted inside the bucket as follows: first or top basket is 1” mesh chicken 
fencing wire; second basket is %” hardware cloth; third basket is 44” hardware 
cloth; fourth or bottom basket is 20 mesh/inch wire screen. The top basket, rest- 
ing on the 2” sides of those below it, is 6” above the bottom of the bucket. Holes 
are punched in 1 side of the bucket so that a thermometer can be inserted into the 
baskets. To the lower end of the bucket is soldered a sheet metal cone with 4” 
opening 8” below the bucket and a cylindrical extension of 3” for an overall 27” 
length of the apparatus body. 

The fan and heating unit assembly consists of the following: a low speed (750 


rpm) 10” electric fan is mounted horizontally in an opening in the bucket cover ; 
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a heating unit of 2 nichrome elements (300 watt and 1000 watt) in grooves on a 6” 
porcelain plate is suspended 5” below the fan and covered by a protective 10” screen 
wire basket ; 2 electric switches provide for separate control of the heating elements. 
The entire assembly, mounted on the cover which rests on top of the bucket, can 
be removed at will. 

The apparatus is supported by a tripod hoop stand made of 4%” pipe. A battery 
jar with minimum inside diameter of 6” is supported below the apparatus so that 
the collar of the funnel extends about 2” into the jar. A large, circular dishpan 
is placed on the floor below the battery jar as a precaution for retaining any fleas 
that may drop from the apparatus when collecting jars are exchanged. 

Figures 1 and 2 illustrate the apparatus used at this laboratory. A detailed 





FicureE 1. The complete assembled flea-collecting apparatus. 
Ficgure 2. Top view of fan and heating unit assembly. 


diagram is not presented since it is felt that those wishing to construct this type 
of collecting unit need not adhere to exact specifications. 


PROCEDURE AND RESULTS 


In processing a nest for the collection of fleas, the following procedure is used: 
(1) Nest is placed in top basket and pulled apart to allow for passage of heated air. 
This agitation causes small nest parts and debris to fall through into the lower 
baskets. A considerable portion of the fleas usually falls into collecting jars at this 
point (see Table I). (2) The heating unit and fan are turned on and allowed to 
run until the heat in the bottom basket is about 50° C. While large, damp nests 
require exposures up to 30 minutes with 1300 watts, a temperature of 50° C is 
attained with 1000 watts for average nests in 10 to 15 minutes. By this time, all 
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the remaining fleas in the nest have dropped into the collecting jar. This has been 
verified by careful checks of the nest material after a number of runs. (3) The con- 
tents of the jar are emptied into an 8” deep white enameled pan where the fleas 
promptly separate from other arthropods and debris by negative phototropism and 


are collected by mechanical or hand-operated aspirator. 
Table I presents typical data showing the number of wild rodent fleas collected 


TaBL_e I1—Examples of flea collections made from wild rodent nests in the apparatus 
at an average of 20 minutes per nest 
Number of fleas collected 


Nest size* 
Before heat After heat Total 


large 
small 
medium 
medium 
large 
small 
large 
small 
large 
large 
small 
large 


Totals: Nests-15 
* Estimated nest size by volume: large =2 to 4 quarts; medium =1 to 2 quarts; small =less than 
1 quart. 
from various nests. Approximately 20 nests can be processed during the course of 
a working day. As many as 730 fleas have been collected from a single nest in about 
20 minutes. Although a rather high temperature is attained in the baskets within 
a short period, none of the fleas has ever been noted to be adversely affected. 
For purposes of collecting fleas, the advantages of this apparatus over the usual 
3erlese unit are obvious. Although no specific attempts have been made to collect 
mites, a considerable number of these arthropods fall into the collecting jar, sug- 
gesting that the apparatus could be used for the collection of a number of different 
types of arthropods. 
REFERENCES CITED 
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ERRATUM 


Page 292, vol. 43 (3). Table I headings “7. equinum Wellcome” and “mouse” should head 
column 5 (100,000 trypanosomes inoculated) ; “7. congolense Wellcome” and “mouse” should 
head both columns 3 and 4 (10,000 and 1,000,000 trypanosomes respectively ). 





ON JUVENILE AND ADULT FORMS OF PSEUDOPORRORCHIS 
INDICUS, A NEW SPECIES OF ACANTHOCEPHALA FROM INDIA 


E. N. Das 


Department of Zoology, Vidarbha Mahavidyalaya, Amravati, (Bombay State), India 


Acanthocephala of the genus Pseudoporrorchis occur commonly in the predatory 
birds of India. A number of these forms have been collected from Crow Pheasants, 
Centropus castanopterus ; Indian Great Horned-Owl, Bubo bubo bengalensis ; Indian 
Barn Owl, Tyto alba javanica; and a Kite, Milvus migrans govinda. The inter- 
mediate hosts of Pseudoporrorchis are not known (Van Cleave, 1949). On one 
occasion I found the intestine of a Barn Owl, Tyto alba javanica, infected with both 
Centrorhynchus and Pseudoporrorchis forms. This indicated the probability of the 
bird obtaining Pseudoporrorchis from the same, or similar type, of intermediate 
host as that from which it had obtained the Centrorhynchus forms. It is well 
known that amphibia, lizards and snakes are the secondary intermediate or trans- 
port hosts of the Centrorhynchus forms. While examining the peritoneum of a 
snake, Lycodon sp., I found a few juvenile forms of Pseudoporrorchis. On close 
examination of the specific characters of these juvenile forms, I found that the 


adult forms of these juveniles had already been collected by me from the intestine 
of a Crow Pheasant, Centropus castanopterus. The present paper is an attempt 
to describe the juvenile and adult forms of Pseudoporrorchis indicus (sp. nov.). 


Toto mounts of the juveniles obtained from the visceral peritoneum of Lycodon 
sp. were examined. The adult forms were sectioned, to study the structure of hooks, 
cement glands, subcuticular nuclei, and lemnisci, which in whole mounts could not 
be made out. 


Specific Description. 

The fully matured forms are of large size; the females are 46 mm long and 1.4 mm in maxi- 
mum diameter; the males are smaller, measuring 28 mm in length and 1.2 mm in maximum 
diameter. 

The anterior armed zone of the proboscis is ovate, 0.4 mm long by 0.3 mm in maximum diam- 
eter, with 20-24 approximately longitudinal rows of 8 to 9 hooks. 

The anterior 4 (5) hooks in a row are much larger than the posterior ones. The hook 
blades (Pl. II, Fig. 4, H) are sharp and pointed; that part which protrudes from the proboscis 
wall measures 0.04 mm to 0.06 mm long. The diameter of the base of the blade measures from 
0.02 mm to 0.03 mm. The roots (Pl. II, Fig. 4, HR) are shoe-shaped, point posteriorly, and 
are much longer than the blades, measuring 0.07 mm to (0.09 mm. They lie flat on muscles of 
the wall of the proboscis (Pl. II, Fig. 4, MWP). The root of the fifth hook (PI. II, Fig. 7, B) 
is reduced in size; the base of the blade is located in the middle of the root, so that the root has 
both an anterior and posterior process. The last 3 (4) hooks (PI. II, Fig.°7, C) of a row are 
comparatively smaller; their blades measure from 0.025 to 0.030 mm in length. Their roots, 
which are small, point anteriorly. 

The basal zone of the proboscis is devoid of hooks; it has the same length as that of the 
armed anterior zone measuring 0.4 mm. Its diameter is less than that of the armed zone and 
measures 0.18 mm. 

The proboscis sheath is cylindrical, with an elliptical posterior extremity. It is 1.35 mm 
long and 0.3 mm in maximum diameter. The wall of the proboscis sheath is composed of 2 con- 
centric muscular layers; it measures 0.05 mm in thickness. 

The central nerve ganglion (Pl. II, Fig. 3, CNG) is located in the anterior half of the 
proboscis sheath. The nerve cells give it an appearance of a bunch of grapes. The ganglion 
measures 0.15 mm x 0.06 mm. 
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The lemnisci are nucleated; the nuclei are of the same size as found in the subcuticula of 
the skin. They are long and tubular, measuring 2.55 mm; their posterior ends almost touch the 
testes. 

The testes are located close together and are oval. Both are of the same size, 1.20 mmx 
0.54 mm. There are four cement glands (PI. II, Fig. 5, CG), which are long and tubular, with 
a maximum diameter of 0.35 mm. Each cement gland has a centrally placed main duct, into 
which a number of ductules pour their secretion. The lumen of the main ducts of the 4 cement 
glands varies in size. These 4 main ducts pour the secretion of the cement glands into a com- 
mon tubular reservoir, which is situated at the posterior end of the body and is connected with 
the bursa at its distal end. 

The skin is provided with subcuticular nuclei (PI. II, Fig. 6, SCN) which measures from 
0.015 x 0.015 to 0.025 x 0.030 mm. 

Embryos: The embryos (eggs) were taken from the body of the gravid female, they are 
ovoid and vary in size from 0.032 to 0.050 in length by 0.011 to 0.020 mm in width. 
Description of Juvenile form. 

In Plate I, Figure 2, the juvenile forms nos. 1-3 were obtained from the mesentery of a snake, 
Lycodon sp. Juvenile to adult forms (4-10. Fig. 2, Pl. I) have been arranged according to 
their size and growth. These were collected from the intestine of the definitive host. 

A fully metamorphosed juvenile obtained from the mesentery of the snake, Lycodon sp. is 
flask-shaped. Its proboscis has almost the same dimensions as the proboscis of the adult. The 
anterior armed zone is ovate, 0.4 mm long and 0.3 mm in maximum diameter. The posterior 
unarmed zone of the proboscis is 0.4 mm long and 0.2 mm in breadth. There are as many longi- 
tudinal rows and as many hooks in each row as are found in the proboscis of the adult forms. 
Shape and size of the hooks and their roots are the same as in adult. The above mentioned stable 
characters of diagnostic value, therefore, are the same, and thus it is clear that the juveniles 
obtained from the mesentery of the snake are the juvenile forms of Pseudoporrorchis indicus 
(n. sp.) obtained from the intestine of the definitive host Centropus sinensis. 

The body of the juvenile form is oval shaped, 1.0 mm long and 0.5 mm in maximum diam- 
eter. The body of the juvenile (No. 4 in Pl. I, Fig. 2) found in the intestine of the definitive 
host is slightly larger but has the same shape and form. The juveniles on entering the alimen- 
tary tract of the definitive host evert a caudal end, (No. 5 in Pl. I, Fig. 2) from the bottom of 
the flask-shaped body, which is long and slender, almost double the length of the body. This 
long tail-like part of the body grows faster than the oval-shaped anterior part of the body, and 
forms the main bulk of the body of the adult, which contains the long tubular cement glands 
with the male genitalia at the posterior end. In the gravid female this posterior part is full of 
eggs, which in the beginning are confined only to a space within the genital ligaments, but on 
full maturity of the female the eggs come out of the ligamentar space and disperse throughout 
the body. The oval-shaped body of the juvenile remains marked off by a slight constriction in 
the body of the adult form (Nos. 8, 9 in Pl. I, Fig. 2). It forms the dilated anterior part of the 
body of the adult, characteristic of Pseudoporrorchis forms. 

Type host: Centropus castanopterus (Aves). Locality: Amravati (Bombay State), India. 


DISCUSSION 


While determining the systematic position of a new species of Acanthocephala 
taken from the intestine of Centropus sinensis intemedius, Joyeux and Baer (1935) 
recognized a new genus, Pseudoporrorchis, and named the new species Pseudopor- 
rorchis houdemeri. They surveyed the literature and included 4 more species in the 
new genus: Echinorhynchus rotundus Von Linstow, 1897 ; E. centropi, Porta, 1910; 
E. bulbocaudatus, Southwell & Macfie, 1925; E. centropusi, Tubangui, 1933. Van 
Cleave (1949) recorded Pseudoporrorchis teliger. P. indicus (sp. nov.) varies 
from the above mentioned species of Pseudoporrorchis known so far. It is larger 


than P. centropusi, but with a smaller armed proboscis and a larger number of 
longitudinal rows of hooks. The sizes of hooks, hook-roots, and eggs also differ. 


P. bulbocaudatus are larger forms than P. indicus (sp. nov.) with larger proboscis, 
and many more longitudinal rows of hooks; the eggs are also larger than those of 
P. indicus. P. houdemeri is also a larger form, it has almost the same number of 
longitudinal rows of hooks but the number of hooks in a row is 12 as compared 
with 8-9 in P. indicus. The hooks and eggs of P. houdemeri are also larger than 
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those of the new species. P. rotundus has 30 longitudinal rows and 5 hooks in each 
row as compared with 20-24 longitudinal rows of 8-9 hooks in each row of P. indi- 
cus. 

In P. centropusi, the data of diagnostic characters are incomplete. However, 
P. centropusi is a smaller form, and its proboscis is larger than that of P. indicus ; 
the eggs are also larger. P. teliger (Van Cleave, 1949) is found parasitic in mam- 
mals, Herpestes javanicus (a mongoose) and Felis minutus javanicus. Its body, 
proboscis, hooks, hook-roots, eggs, all are larger than those of P. indicus. The 
shapes of the roots of various hooks of P. teliger are entirely of different design. 
The walls of the intestine of the definitive host of P. indicus become so thin and 
worn out that the bodies of the worms pressing against the wall of the intestine can 
be easily made out (Pl. I, Fig. 1). Some times perforation of the intestine also 
takes place. 

CONCLUSION 


Pseudoporrorchis indicus is a new species. The genus Pseudoporrorchis is 
recorded for the first time from India. Its juvenile and larval forms are found in 
the mesentery of snakes, which are its secondary intermediate hosts, a tact hitherto 
unknown. Definitive hosts are falconid birds, a single bird may be infected both 
with Centrorhynchus and Pseudoporrorchis forms. 
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DESCRIPTION OF PLATES 
(All figures of Pseudoporrorchis indicus n. sp.) 


Abbreviations used: C, cuticle; CNG, central nerve ganglion; CG, cement gland; GL, geni- 
tal ligament; HR, hook root; INT, intestine; J, juvenile; MF, matured form; MWP, muscular 
layer of the wall of proboscis; PR, proboscis; PS, proboscis sheath; RM, retractor muscles; 
SC, subcuticula; SCN, subcuticular nuclei; VD, vas deferens. 
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PLATE I 


PLATE | 
Figure 1. Worms coming out from a perforated intestine. 
Figure 2. Nos. 1-3, juvenile forms from the intermediate host. Nos. 4-10, juvenile to 
adult forms from the intestine of the definitive host. 
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Pate II 


Ficure 3. A sagittal section through the proboscis and the anterior part of the body. 
Figure 4. A sagittal section of the proboscis. 

Ficure 5. Transverse section of the male body. 

Figure 6. Sagittal section of the body wall. 

Ficure 7. Various types of hooks. 

Figure 8. Egg from a gravid female. 

FicurE 9. Juvenile obtained from the intermediate host 





HISTOPATHOLOGICAL OBSERVATIONS ON THE SEQUENCE 
OF INFECTION IN KNEMIDOKOPTIC MANGE OF 
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Knemidokoptes pilae Lavoipierre and Griffiths, 1951 was described as the causa- 
tive agent of “scaly-leg” disease in budgerigars [Melopsittacus undulatus (Shaw, 
1805) ] from Great Britain. This mite was later found causing wart-like growths 
on the skin of the cere and face of a budgerigar in America (Yunker, 1955). Al- 
though the latter disfiguring condition has been known for some time, usually by 
the i.ume of “scaly-face,” to bird breeders and fanciers in England and America, 
the popular notion prevails in trade journals and fanciers’ newsletters that it is 
caused by such microorganisms as fungi, bacteria and viruses. This view is re- 
flected by the abundance of antibiotic preparations available on the pet supply mar- 
ket to “treat” birds having scaly-leg and scaly-face. 

Two budgerigars suffering from this mite infection were obtained by the senior 
author from a pet breeder in Nairobi. The birds, presumably imported into Kenya 
from either Holland or Denmark were returned to the NAMRU-3 laboratories in 
Cairo for mite transmission studies. Skin scrapings were made and gross patho- 
logical observations were recorded, but the birds died of asphyxiation from heater 
fumes before transmission studies could be accomplished. After death, infected 
and surrounding normal tissues were removed and fixed in 10% formalin for sec- 
tioning. Comparative sections were made from 2 normal birds for collation. All 
sections were stained with hematoxylin and eosin. Additional study material, in 
the form of fixed infected cere tissue, was acquired through the kindness of Mrs. 
Cessa Feyerabend, Associate Editor of All-Pets Magazine and Dr. L. E. Hanson 
of the College of Veterinary Medicine, University of Illinois. 


OBSERVATIONS 


Bird No. 1. (Text Fig. 1) History: Female blue, over 2 years of age, obtained 
from pet breeder in Nairobi, Kenya, August, 1956. Cere of bird infected with large 


pitted lesions, involving skin of face near corners of mouth. Skin of feet showed 


many small crusty lesions typical of “scaly-leg.”” Microscopic examination of por- 
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tions of lesions revealed the presence of mites (Knemidokoptes pilae). Lesions 
on cere enlarged in size and extended completely around upper and lower beaks, 
until death of bird on January 2, 1957. 

Pathological findings. Gross: The cere and the entire area of skin around the 
upper and lower beaks is involved by a yellowish-tan, irregularly raised and pro- 
jecting lesion with a rough, pitted surface, porose in appearance. The upper and 
lower beaks, proximally, for a distance of 1-2 mm, also show pitting. The skin 
of the left side of the face and approximately one half of the upper eyelid and nicti- 
tating membrane appear to be involved. The foot and digits show small, scaly, 
dirty yellow lesions, but fine porosity is not apparent. 

Microscopic: The cere exhibits numerous pouches in the stratum corneum that 
contain sections of mites. Some of the pouches are partially surrounded by a layer 
or more of stratified squamous epithelium continuous with the epidermis. The 
vessels in the dermis show congestion. Inflammatory cells are absent. The eyelid 
lesions are similar to those of the cere. The beak shows a few pouches with mites 
in the superficial keratinized layer, but the bone itself is uninvolved. 

The skin of the foot shows numerous keratin-lined pouches containing sections 
of the mites, with marked thickening of the epidermis. The 4 digits are within 
normal limits, except for 1 that shows early infestation of the superficial strata of 
the corneum. Adjacent to this excavated area in the stratum corneum the dermis 
shows an acute inflammatory cell reaction, with polymorphonuclear leukocytes, 


lymphocytes, and eosinophils, and focal necrosis. The deeper layers of the stratum 


Malpighii are also involved in the inflammatory process. 

Bird No. 2. History: Female cobalt, of good show qualities, over 1 year of age, 
obtained from pet breeder in Nairobi, Kenya, August, 1956. Bird showed small 
pitted lesions on cere, porose in appearance. Feet and digits appeared normal at 
all times. Cere lesions enlarged in size and extended to skin of face and eyelids 
until death of bird on January 2, 1957. 


Text figure 1. Budgerigar infected with Knemidokoptes pilae: facial lesions typical of 
“scaly-face.” 

Pathological findings. Gross: Two crateriform lesions over upper eyelids near 
inner canthi; that of the left measuring 3 mm in diameter, that of the right meas- 
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uring 2 mm in diameter. Their color is yellow, their edges sharp and raised, and 
their centers depressed and porose. The cere shows a similar type of lesion involv- 
ing the part proximal of the beak, extending to and involving the skin adjacent to 
the lower beak. Proximally, the upper beak on the left side exhibits a punctate 
or pitted appearance. Otherwise, the external anatomy of the bird, including the 
feet, appears to be within the normal limits. 

Microscopic: The cere exhibits numerous pouches in the stratum corneum, 
some of which are open externally, others are plugged by keratinous material. The 
pouches are uniformly lined by lamellae of keratin and contain sections of mites 
and some amorphous squamous debris. Surrounding the layers of keratin is a lining 
of stratified squamous epithelium that is sometimes incomplete. This epithelium 
is stretched and is 1 or 2 layers thick, but between the pouches it consists of several 
layers. The dermis and subcutaneous tissues do now show any reactions or involve- 
ment. The bone of the beak is intact, but the superficial keratinized layers show a 
few pouches containing mites. The eyelid lesions are similar to those of the cere. 
In cross section keratinous septae between some of the pouches appear to have 
broken down so that they intercommunicate. A few lymphocytes are scattered in 
the subepidermal tissues between the pouches. 

The skin covering the foot displays numerous pouches containing mites around 
the whole circumference of the appendage. There is a continuous layer of stratified 
squamous epithelium beneath the pouches, and the parasites are not seen except 
in the epidermis. An occasional pouch completely encircled by epithelium appears 
to extend into the dermis from its attachment to the epidermis. The digits do 
not show mite infestation. 


Bird No. 3. (Tissue obtained from pet owner in Chicago, Illinois, Oct. 1955). 
Male bird with a pitted growth on a whitish cere. Small tunnels were visible on 
the surface of the beak, which appeared as regular holes when the whitish surface 
was scraped. 

Pathological findings. Microscopic: The cere shows 10-11 pouches located 
in a hyperkeratotic stratum corneum. The pouches are either open distally, or are 
closed by a few layers of keratin and contain fragments of mites. Amorphous 


debris is occasionally noted in contact with the keratinous wall of the pouches. 


The squamous epithelial cells adjacent to the walls are stretched. A conical mass 
of epithelial cells is observed projecting outwards between some of the pouches. 
A certain an int of acanthosis is noted. Inflammatory cells are conspicuously 
absent in the dermis. Encysted intradermal pouches are not seen. The cartilage 
and bone are not involved in any way. 


DISCUSSION 


Study of the histopathology of the 3 birds makes it apparent that the events in 
the formation of a single pouch occur in the following sequence. The mite makes 
a small excavation in the superficial lamellae of the stratum corneum, remaining 
partially inside and partially outside this layer of the epidermis (Plate I, Fig. A). 
During this initial phase of infection an acute inflammatory reaction with focal 
necrosis is noted in the dermis, and to a lesser extent in the basal and prickle cell 
layers directly opposite the point of entry of the mite (Plate I, Figs. A, C). The 
inflammatory cells are mainly polymorphonuclear leukocytes with a few mononu- 
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clear leukocytes and eosinophils. While the mites usually invade the smooth epi- 
dermis of the cere by penetration, they are often seen within the feather follicles 
in some of the feathered skin (Plate I, Fig. D; Plate II, Fig. A). In the foot, 
advantage is taken of the scale-like foldings of foot skin, the mite readily choosing 
this site for penetration (Plate I, Fig. C). The mite continues to burrow into the 
stratum corneum, forming a pit in which it becomes entrenched. At this phase of 
infection and subsequently, the inflammatory response is not seen. The mite con- 
tinues to advance in the stratum corneum, indenting the squamous epithelial layers 
and stretching the constituent cells. At the same time the keratinous sides of the 
pouch start to overhang its distal end until they ultimately close in the gap ( Plate I, 
Fig. B). Some of the pouches, however, remain open. The squamous epithelial 


cells then begin to move over the pouch and ultimately cover it (Plate I, Fig. E), 


so that it no longer communicates with the exterior and has the appearance of an 
encysted pouch hanging down into the dermis (Plate 1, Fig. F). However, it still 
retains a thin inner lining of keratin, to which some amorphous debris, probably 
excretory products of the contained mite, are sometimes adherent. 

In heavy mite infections, numerous pouches are formed in a greatly thickened, 
uneven epidermis, so that in cross section they appear as a honeycombed structure 
(Plate II, Figs. D, E). As many as 16 individual pouches were seen in a heavily 
infected plane section of a cere lesion measuring 1.30.6 mm. Each pouch con- 
tained 1 or 2 mites, including gravid females, males, and larvae. The evidence 
strongly suggests that the entire life cycle of K. pilae can be completed within the 
cavities. The formation of the honeycombing appears to depend on a “budding-off” 
process whereby secondary pouches are formed and isolated from the main pouches 
(Plate II, Figs. A, B, C). In some of the honeycombed sections, parts of the 
keratinous septae are broken down. It is thought that this breakdown is due to the 
close approximation of many of these pouches and to the feeding activity of the 
mites. Squamous-type cells were occasionally seen in the gut of some mites. Plate 
III diagrammatically illustrates the sequence of infection from initial penetration 
to “budding” of a secondary pouch. 

The ultimate fate of the pouches and mode of transmission remains a matter 
of conjecture. In some of the encysted pouches there is marked thickening of the 
keratinous lining with encroachment of the cavity containing the mite; in other 
cysts there is apparent connective tissue invasion of the outer epithelial layer resem- 
bling the encystation stage referred to by Flynn & Jaroslow (1956) in infections 
of mice by Psorergates simplex. A striking but unexplainable absence of any 
inflammatory reaction is evident in all stages subsequent to initial infection. No 
doubt some of the cysts rupture with extrusion of their contents due to mechanical 
rubbing of the infected parts of the birds against hard ‘objects. However, the 
possibility also exists that the breakdown of pouch walls and intercommunication 
of the cavities continues towards the surface and eventuates sporadically in a mass 
liberation of the numerous mites within, thus permitting transmission from bird to 
bird. 

Pillers (1921) and Griffiths & O’Rourke (1950) have called attention to the 
absence of recognizable lesions during the initial stages of scaly-leg infections in 
fowl caused by Knemidokoptes mutans (Robin and Lanquetin, 1859). It would 
appear from observations on bird No. 2. of this study, that scaly-leg in budgerigars 
is also subclinical in early infections. 
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SUMMARY 


1. The histopathology and sequence of infection of 3 budgerigars with Knemi- 
dokoptes pilae is described. 

2. The mite invades the feather follicles, skin folds, and smooth epidermis of the 
face, foot and cere by direct penetration, with subsequent formation of pouch-like 


cavities. 

3. Secondary pouchés appear to form from primary pouches by a “budding-off” 
process, resulting in a lesion honeycombed by numerous cavities. 

4. The mites appear to complete their entire life cycle within the cavities, while 
feeding on keratin. 

5. It is noted that early foot infections are unaccompanied by obvious gross signs, 
resembling in this respect K. mutans infections in fowl. 
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DESCRIPTION OF FIGURES 
PLate | 


Infection of budgerigar with Knemidokoptes pilae: formation of a single pouch 

Ficure A. Foot; cross section (118). Earliest stage of infection showing mite penetrat- 
ing into the superficial layers of the stratum corneum. Note inflammatory cells in the upper 
dermis and epidermis opposite the point of entry of mite. Several intraepidermal builous-like 
spaces are shown, containing inflammatory cells. 

Ficure B. Beak; longitudinal section (85). Two pouches containing mites in the super- 
ficial keratinized layer. The pouches are closed over by keratinous lamellae. 

Ficure C. Foot; cross section (54x). Penetration of several mites between and into epi- 
dermal folds. The right-hand pouch is in the initial stage and is accompanied by inflammatory 
cells in the adjacent dermis. Note sparsity of keratinous layer adjacent to middle pouch, prob- 
ably due to ingestion by the mite. 

Ficure D. Feather follicle, face skin; longitudinal section (77). Note similarity of this 
pouch, at base of follicle, to pouches in preceding figure. 

Ficure E. Foot, cross section (126). Demonstrating overgrowth of squamous epithelium 
and closure of pouch opening. Note absence of inflammatory cells in adjacent areas. 

Ficure F. Cere lesion; longitudinal section (120). Left: intradermal pouch completely 
walled off, with stretching of squamous cells covering its outer surface. Right: pouch in earlier 
stage of development. 


Piate II 


Infection of budgerigar with Knemidokoptes pilae: proliferation of pouches. 

Figure A. Feather follicles, face skin; cross section (96). Simultaneous infection of 
feather follicle by 3 mites. Note outgrowths of follicle into dermis and displacement of feather 
shaft to one side. 

Ficure B. Feather follicle, face skin; cross section (93). Small pouch “budding-off” 
from follicle. 

Ficure C. Feather follicle; longitudinal section (86). “Budding-off” of advanced pouch 
from follicle. 

Figure D. Advanced foot lesion; cross section (118). Honeycomb appearance of nu- 
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merous pouches containing mites. Note anastomoses and intercommunication of some pouches. 
Squamous epithelial cells are visible around and between the keratin-lined cysts. 

Figure E. Advanced foot lesion; cross section (70). Marked thickening of stratum 
corneum due to numerous pouches with honeycomb formation. Note absence of inflammatory 
reaction. 


Pirate III 


Diagrammatic representation of sequence of events in Knemidokoptes pilae 
infection in budgerigars 


d=dermis, sc = stratum corneum, ss = stratified squamous epithelium; position of mite indi- 
cated by “X”. y 

Figure A. Initial penetration of epidermis with acute inflammatory response opposite 
point of entry in the skin. 

Ficure B. Pouch formed in stratum corneum. 

Ficure C. Closure of pouch opening by keratinous lamellae and indentation of squamous 
epithelial layer. 

Figure D. Overgrowth of epithelial layers and beginning of descension into the dermis. 

Ficure E. Encystation of pouch and complete overgrowth of epithelium with closure 
of the opening. 

Ficure F. Beginning of budding from one side of the encysted pouch. 





RESEARCH NOTE 


THE TRICHROME STAIN: A USEFUL TECHNIQUE FOR 
STAINING HELMINTHS 

Masson’s (1929, J. Tech. Methods 12: 75-90) development of a simple, differential tri- 
chrome stain to be used in general histologic preparations stimulated others to investigate its 
uses in other fields. Shorr (1941, Science 94: 545-546) modified Masson’s stain and procedure 
to develop a rapid, simple differential stain for the examination of vaginal smears. Pollack 
(1944, Arch. Path. 37: 294) further modified the original technique so that it could be used 
to stain tissue sections, as well as vaginal smears. Gomori (1950, Am. J. Clin. Path. 20: 
661-664) further modified this method to develop a 1-step trichrome stain making it suitable for 
cytologic smears, as well as tissue sections and Wheatley (1951, Am. J. Clin. Path. 21: 990- 
993) used a modified trichrome method for intestinal amoebae and flagellates. 

During a period of 4 years, a modified trichrome stain has been used in this laboratory 
to demonstrate the structures of various helminths. Hooklets, suckers, reproductive organs, 
digestive systems, integument, and other structural features become well differentiated. Suck- 
ers stain purple, hooklets pink, integument green, reproductive organs and digestive systems 
lavender to purple. These staining characteristics clearly differentiate the various structures. 
This differential staining is particularly useful for the identification of the specimen. 

The procedure may be approached from several directions depending on the thickness of 
the specimen and urgency of the study. If the specimen is a thick one, such as for a proglottid 
of Taenia saginata or an adult Fasciola hepatica, then the stock solution described below must 
be diluted. On the other hand, small, thinner specimens such as adult Echinnococcus granulo- 
sus or rhabditiform larvae of Strongyloides stercoralis may be stained in the undiluted stock 
solution. However, the time factor is important because specimens stained in the dilute stain 
should remain in it for 12 hours at room temperature while specimens stained in the undiluted 
stock solution usually require about 5 minutes of immersion at room temperature (+25° C). 
Whenever possible, the use of a longer time interval and a dilute staining solution is recom- 
mended because this permits the stain to reach the internal tissues and greatly reduces the ten- 
dency of everstaining the integument. 

The stock staining solution is prepared as follows: Chromotrope 2R, 0.6 g; Fast Green 
FCF, 0.3 g; phosphotungstic acid, 0.7 g; acetic acid, 1.0 ml; distilled water, 100.0 ml. This 
stock staining solution is stable and may be kept for one year or more at room temperature. 
For the dilute stain use one drop of stock solution to 3.0 ml of distilled water. 

The above technique has been used successfully with organisms varying in size from 
scolices of Echinococcus granulosus to adult Fasciolopsis buski—WttiIamM P. Horex, Para- 
sitology and Mycology Section, Dept. of Medicine, U. of California Medical Center, San 
Francisco. 
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REVIVAL OF CROTISCUS EWING, 1944, AND DESCRIPTIONS OF 
FOUR NEW SPECIES OF THE GENUS FROM PERUVIAN 
RODENTS (ACARINA: TROMBICULIDAE) 


JAmes M. BRENNAN 


U. S. Department of Health, Education, and Welfare, Public Health Service 
National Institutes of Health, National Institute of Allergy and Infectious Diseases 
Rocky Mountain Laboratory, Hamilton, Montana 


Ewing (1944) created the monotypic genus Crotiscus for Trombicula desdentata 
Boshell and Kerr, a species from Colombia having a single-pronged palpal tibial 
claw. Wharton (1948)* added a Peruvian species, Microthrombidium thomasi 
Oudemans. 

Ewing (1950) redescribed the genus in more detail and, with reference to the 
palpal claw, stated: “. . . simple or with one or two accessory prongs which are 
small.” If the cotype specimen of T. desdentata figured by him as having 2 minute, 
poorly developed accessory prongs on the large axial prong actually has these struc- 
tures, it obviously is a freak, hence a poor representative of the species. 

Wharton et al. (1951) synonymized Crotiscus with the subgenus Trombicula 
s.l. stating: “The genus Crotiscus Ewing 1944 is omitted from the above key as 
one of us (G.W.W.) has examined the cotypes of Trombicula desdentata Boshell 
and Kerr, the genotype, and found them to be congeneric with the genus Trombicula 
and will key to Trombicula sensu lato as characterized below in couplet 5.” The 
synonymy was not explained further. 

However, Wharton and Fuller (1952) in establishing a new subgenus, Crotis- 
cella, said “Ewing (1944) erected the subgenus Crotiscus for species of Trombicula 
that had a single-pronged palpal claw. Trombicula desdentata Boshell and Kerr 
was named the type. Cotypes of the type species were examined in the U. S. 
National Museum, and it was found that one specimen had the accessory prongs 
apparently broken off, while the other specimen had typically three-pronged palpal 
claws. This observation makes it necessary to place T. desdentata in the subgenus 
Trombicula. It follows therefore that Crotiscus is a synonym of Trombicula. The 
new subgenus Crotiscella is proposed for Microthrombidium thomasi Oudemans, 
1910 (Ent. Ber., 3, no. 54, p. 84), the only other species formerly included in 
Crotiscus.” 

Now, with the availability of much more material, recent studies make amply 
clear that synonymizing Crotiscus was erroneous and erecting Crotiscella needless. 

At this writing, 6 Trombicula-like South American species, having a single- 
pronged palpal claw and other characters in common, form a compact group which 
merits generic status. All of these but one are Peruvian. The Boshell and Kerr 
species discussed above is known from Colombia, Venezuela, and Trinidad. Nu- 
merous specimens of this group have been examined. In no specimen is there the 
slightest suggestion of accessory prongs on, or associated with, the axial prong of 
the palpal tibial claw. 


Received for publication April 19, 1957. 
* Credit for this new combination must go to Wharton even though he based it on Dr. Henry 
S. Fuller’s manuscript notes published later in the same year. See Fuller (1948). 
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A preliminary examination of the cotype of T. desdentata B. & K. (USNM No. 
53012) received through the courtesy of Dr. Edward W. Baker, U. S. National 
Museum, suggested immediately that this was the specimen with “the accessory 
prongs apparently broken off” (Wharton and Fuller, of cit.). On each axial 
prong, equidistant from the tip, could be seen a darkened transverse line, presum- 
ably regarded by them as the breakage line of an accessory prong or prongs. How- 


ever, remounting the specimen showed, beyond doubt, clear-cut single-pronged 


claws identical to those of all other specimens studied. 

I designate this particular cotype the lectotype and have labelled it accordingly. 
The slide bears the following original data: ‘No. 705-9-13-37/ Land.Bol.(S.).Col/ 
Larvas-ex-Proechymis/ chrysaeolus/ K.O.H. 5%-monta-/ das en Gomachlo-/ ral 
J.B.M. coll./.” Virgules indicate end of each line on label. 

Consequently, Crotiscus is removed from synonymy and and restored to full 
generic status. Its type species and that of Crotiscella are congeneric, therefore 
Crotiscella becomes a synonym. The genus Crotiscus is redescribed as follows: 


Crotiscus Ewing, 1944 
Crotiscus Ewing, 1944, p. 102; 1944a, p. 346; 1949, p. 235; 1950, p. 295; Lawrence, 1949, p. 469; 
Wharton et al, 1951, p. 28; Wharton and Fuller, 1952, pp. 44, 61; Fuller, 1952, p. 150; Womersley, 
1952, p. 20; Audy, 1954, p. 134. 
Crotiscella Wharton and Fuller, 1952, p. 44 (new synonmy) ; Audy, 1954, p. 134. 

Trombiculid larvae of the subfamily TromprcuLINAE. Trombicula-like in general appear- 
ance. Single-pronged palpal tibial claw. Palpal tarsus with 6 branched setae, a nude seta, and 
a striated tarsala. Scutum large and usually very deep, densely punctate. Flagelliform sensillae 
branched, their bases widely separated and at a level ahead of the posterolateral setae. At least 
1 mastitarsala ITI. 

Type species: Trombicula desdentata Boshell and Kerr, 1942. 

As suggested earlier, 6 species are now assigned to Crotiscus. These are keyed below, and 
all are described or redescribed. Only the type species is diagnosed in detail, while brief diag- 
noses of the others are based on it. Scutums and specialized leg setae of each species are illus- 
trated in Figures 1 and 2 

The new Peruvian species described here were collected by Dr. Carl B. Koford, Canal Zone 
Biological Area, Barro Colorado Island. 


Key to Species 


Two mastitibialae III and 2 mastitarsalae III 

No mastitibialae III and 1 mastitarsala III 

One genuala | 

Two genualae I 

Humeral setae 2/2; scutum with broadly rounded posterior margin aetherios n. sp. 
Humeral setae 1/1; scutum pentagonal dispar n. sp. 
Palpal ventrotibial seta nude; AM anterior to AL’s 

Palpal ventrotibial seta branched; AM posterior to AL’s 

Galeal seta branched; dorsal setae about 22 

Galeal seta nude; dorsal setae about 30 


Descriptions of Species 
Crotiscus desdentatus (Boshell and Kerr, 1942) 


Trombicula desdentata Boshell and Kerr, 1942, p. 120; Ewing, 1944, p. 102; Fuller, 1948, p. 104; 
Wharton and Fuller, 1952, pp. 44, 61, 64. 
Crotiscus desdentatus, Ewing, 1950, p. 296. 
Crotiscus desdentata, Fuller, 1952, p. 151. 

Type data: Type series, 9 specimens off Proechymis chrisacolus, Landazuri, Municipio de 
Bolivar (Santander), 1000 meters, Colombia, 13 September 1937; same host, Restrepo (Meta), 
Colombia. Three “cotypes” were deposited in the U. S. National Museum, No. 53012, 2 “para- 
types” in the British Museum (Natural History), Nos. 1938-12-19-3 and 4, the remaining speci- 
mens were retained by the authors. 
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DESOENTATUS 


OISPAR 


FRIGIPES 


HAYES! 
THOMAS! 


Figure 1. Scutums of Crotiscus species. Those of C. desdentatus and C. thomasi drawn 
from the lectotypes. 


Additional records: Colombia: Paramo, Antioquia, 3000 meters, from Cryptotis thomasi 
or Thomasomys sp., 13 October 1950, 3 specimens identified. Received from Chicago Natural 
History Museum. Venezuela: Campamento Rafael Rangel, Sierra Maestra, Aragua, Heteromys 
a. anomalus, summer 1950, 2. Received from United States Naval Medical School. Trinidad: 
Cumaca, Didelphis marsupialis insularis, 22 May 1954; 13; Nectomys squamipes palmipes, 8 
June 1954, 4; Manicou, Sangre Grande, D. marsupialis insularis, 10 June 1954, 3. Received 
from Trinidad Regional Virus Laboratory. 

Diagnosis: C. desdentatus is the only species of the genus having the anteromedian seta in 
line with or in front of anterolaterals, and nude palpal ventrotibial seta. 

Body: Broad, ovoidal, lectotype is emarginate posteriorly. Length and width of lectotype, 
slightly engorged, 364 by 240 microns. Eyes 2/2, on a plate. Anus between second and third 
rows of ventral setae. 
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THOMAS! 


DISPAR 


AETHERIOS 


HAYES! 


FRIGIPES DESOENTATUS 


FicurE 2. Specialized leg setae, showing lengths in microns, of Crotiscus species. Those 
of C. desdentatus and C. thomasi drawn from the lectotypes. 


Gnathosoma: Cheliceral bases and capitular sternum densely punctate. Cheliceral blade 
with tricuspid cap. Palpal setae of lectotype Bs/B2/NNN/. Palpal claw strong, simple. Pal- 
pal tarsus with 6 branched setae, a short nude seta and a tarsala. Galeal seta nude. 

Scutum: Wider than long with broadly rounded posterior margin. Puncta numerous, 
evenly distributed, but few to none in immediate vicinity of anteromedian setal base and sensil- 
lary bases. Sensillae (broken off in lectotype) branched. Scutal setae thick and with strong 
somewhat appressed barbs, the anteromedian ahead of or in line with the posterolaterals. Scu- 
tal measurements of lectotype: AW-62, PW-80, SB-40, ASB-23, PSB-34, AP-25, AM-46, 
AL-24, PL-36, S-... 

Legs: All segments densely punctate. Specialized setae: Leg I—2 genualae, microgenuala ; 
2 tibialae (the proximal slender and acuminate, the distal thicker and blunt), microtibiala; short 
tarsala, microtarsala subterminala, parasubterminala, pretarsala. Leg Il—genuala; 2 similar 
tibialae; tarsala shorter than tarsala I, microtarsala, pretarsala. Leg I1I—genuala; tibiala; 
mastitarsala. Branched setae: Moderately long, for the most part with sparse, erect branches. 
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Leg I—coxa 1, trochanter 1, basifemur 1, telofemur 5, genau 4, tibia 8, tarsus 18. Leg I]—coxa 
1, trochanter, 1, basifemur 2, telofemur 4, genu 3, tibia 6, tarsus 15. Leg I1I—coxa 1, trochanter 
1, basifemur 2, telofemur 3, genu 3, tibia 6, tarsus 12. 

All tarsi with a pair of claws and a slender empodium. As mentioned in the original de- 
scription, the empodium is frequently broken off. In one series of 13 specimens, the empodium 
is present on only 1 of the total 78 legs. 

Body setae: Dorsal setae similar to the scutal setae, 33 to 40 microns long in the lectotype, 
decreasing in length from anterior to posterior rows. Humerals are 44 microns long. Dorsal 
formula 2-6-4-4-2. Ventral formula (2-2)-6-2-2. Only 1 pair of setae posterior to anus in the 
lectotype, and these are similar to the dorsal setae. 

Discussion: In general, C. desdentatus appears to be the smallest species of the genus. Oc- 
casional specimens may have a forked palpal ventrotibial seta, and perhaps an additional pair 
of setae behind the anus. 

The specimens from Trinidad and Venezuela agree well with the lectotype. 

The three specimens from Colombia are much larger, but otherwise do not differ from the 
lectotype. Scutal measurements for one of these: AW-103, PW-125, SB-60, ASB-28, PSB-36, 
AP-29, AM-72, AL-56, PL-85, S-.., and the dorsal setae are 77 to 85 microns long. 


Crotiscus thomasi (Oudemans, 1910) 


Microthrombidium thomasi Oudemans, 1910, p. 84; 1912, pp. 28-31, 189, 202. 

Microtrombidium thomasi, Toomey, 1921, p. 606. 

Trombicula thomasi, Methlagl, 1928, pp. 216, 223, 224; Ewing, 1928, p. 77; 1931, p. 10; Radford, 
1942, p. 57. 

Otonyssus thomasi, Buitendijk, 1945, p. 338. 

Trombicula (Eutrombicula) thomasi, Thor and Willmann, 1947, p. 277; Fuller, 1948, p. 104. 
Croticus thomasi, Wharton, 1948, p. 87; Fuller, 1948, p. 104; 1952, p. 151; Ewing, 1950, p. 296. 
Trombicula (Crotiscella) thomasi, Wharton and Fuller, 1952, p. 44. 

Through the courtesy of Dr. Marc André, Muséum National d’Histoire Naturelle, the types, 
as well as other specimens, were made available to me. 

Type data: Two cotypes, 1 mounted ventrally, 1 dorsally, on 1 slide, off Akodon jelsku O. 
Thomas, Peru. In the Trouessart collection, Muséum National d’Histoire Naturelle, Paris. 
On the slide label the host is given as “Hesperomys scalops Gay,” but I have been assured by 
Dr. Philip Hershkovitz of the Chicago Natural History Museum that the host name as given 
in the original description is correct. 

I designate as lectotype the ventrally mounted specimen on the cotype slide. 

Additional records: Four specimens on 1 slide, identified by Oudemans, off the type host, 
central Peru, also in the Trouessart collection. I have not seen the 2 specimens, on 1 slide, 
same data as cotypes, in the Oudemans collection, Rijksmuseum van Natuurlijke Historie, Leiden 
(Fuller, 1952), nor have I seen any other material which could be referred to C. thomasi. 
Therefore, the following descriptive notes are based wholly on the original Oudemans specimens. 

Diagnosis: The branched galeal seta distinguishes C. thomasi from other species of the 
genus having 2 genualae I and a single mastitarsala ITI. 

Body: Lectotype slightly engorged, ellipsoidal, 493 by 300 microns. 

Gnathosoma: Similar to the type species except the palpal setal formula is B/B/NNB/ 
(branched setae with more branches), tarsala of palpal tarsus is longer, galeal seta has 2 to 4 
branches. 

Scutum: Shaped as figured. Larger and more densely punctate than C. desdentatus. AM 
posterior to AL’s. Scutal measurements of lectotype: AW-83, PW-109, SB-50, ASB-24, 
PSB-37, AP-34, AM-70, AL-48, PL-72, S-78. 

Legs: Segments punctate. Setation very similar to that of type species. 

Body setae: Dorsal setae similar to scutal setae, 48 to 66 microns long in lectotype. Humeral 
setae 60 microns long. Dorsal formula of lectotype: 2-6-6-4-4. Ventral formula (2-2) -6-2-2. 


Crotiscus aetherios, n.sp. 


Type data: Holotype and 13 paratypes, RML No. 31551, off Chinchillula sahamae, 8 mi 
SSW Limbani, 15000 feet, Department of Puno, Peru, 11 June 1951; 11 paratypes, No. 31553, 
same host and locality, 19 June 1951; 4 paratypes, No. 31561, off Neotomys ebriosus, same lo- 
cality, 1 September 1951. : 

Holotype and some paratypes in the Rocky Mountain Laboratory. Other paratypes dis- 
tributed to the United States National Museum, the British Museum (Natural History), the 
South Australian Museum, Muséum National d’Histoire Naturelle, Paris, and the Museum oi 
the Belgian Congo. 
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Additional material: One specimen off rat (no further identification available), Cumaca, 
Trinidad, 20 July 1954. 

Diagnosis: The only species of the genus with 4 or more humeral setae. 

Body: Elongate ellipsoidal. Length and width of holotype, slightly engorged, 618 by 334 
microns. Anus at level of fourth row of ventral setae. 

Gnathosoma: Usual structures densely punctate. Palpal setal formula of holotype 
P/Be/NNB,/. Occasionally the laterotibial may have a branch or two. Palpal tarsus as in 
C. desdentatus. Galeal seta branched, rarely nude, in holotype with 4 to 5 branches. 

Scutum: Larger than in the type species and with more sharply rounded posterior margin. 
Densely punctate. Sensillae branched on apical two-thirds and much farther from anterior 
margin than in type species. AM posterior to AL’s. Scutal measurements of holotype: AW-97, 
PW-126, SB-54, ASB-31, PSB-44, AP-36, AM-67, AL-55, PL-74, S-104; of Trinidad speci- 
men: AW-95, PW-128, SB-55, ASB-34, PSB-47, AP-37, AM-66, AL-50, PL-76, S-101. 

Legs: As in C. desdentatus except only 1 genuala I, unspecialized setae much more densely 
branched, empodium rarely broken off. 

Body setae: Dorsal setae 55 to 62 microns long, about 40 in irregular rows, additional setae 
often interpolated in rows and in humeral region. Humeral setae about 72 microns long, nor- 
mally 2/2, but may be 3/3 or 3/2. Ventral formula of holotype (2-2) -9-6-4-4-2-2. Setae be 
hind anus like the dorsal setae. 


Crotiscus dispar, n.sp. 


Type data: A unique specimen, the holotype, RML No. 31558, from Punomys lemminus, 
8 mi. SSW Limbani, 15000 feet, Department of Puno, Peru, 31 August 1951. In the collection 
of the Rocky Mountain Laboratory. 

Diagnosis: The only species of Crotiscus having a truly pentagonal scutum. 

Body: Ellipsoidal. Holotype, moderately engorged, 620 by 385 microns. Anus at level of 
fourth row of ventral setae. 

Gnathosoma: All the usual parts heavily punctate. Palpal setal formula P/B;/NNB,/. 
Galeal seta with 2 to 3 branches. 

Scutum: Wider than long, definitely pentagonal, densely punctate. Sensillae broken off. 
AM posterior to AL’ Scutal measurements: AW-111, PW-134, SB-57, ASB-35, PSB-55, 


AP-44, AM-73, AL-52, PL-79, S-... 


Legs: Similar to C. desdentatus, but larger. Setation as in type species except only 1 
genuala I and the branched setae are more densely branched. Empodium apparently more often 
present than broken off. 

Body setae: Dorsal setae 57 to 71 microns long. Humerals 73 microns long. Dorsal 
formula 2-8-8-8-4-4. Ventral formula (2-2) -10-4-2-2-2. 


Crotiscus frigipes, n.sp. 


Type data: Holotype and 17 paratypes, RML No. 31561, from Neotomys ebriosus, 8 mi. 
SSW Limbani, 15000 feet, Department of Puno, Peru; 10 paratypes, No. 31559, same host and 
locality, 31 August 1951; 4 paratypes, No. 31556, same host and locality, 25 June 1951; 5 para- 
types, Nos. 31547 and 31549, from Chinchillula sahamae, same locality, 11 June and 22 Septem- 
ber 1951: 17 paratypes, No. 31555, from Phyllotis pictus, same locality, 19 June 1951. 

Holotype and some paratypes in the collection of the Rocky Mountain Laboratory. Other 
paratypes in the U. S. National Museum, the British Museum (Natural History), the South 
Australian Museurn, Muséum National d’Histoire Naturelle, and the Museum of the Belgian 
Congo. 

Diagnosis: Distinguished from C. thomasi by the nude galeal seta, more dorsal setae, sensil- 
lae branched for their full length, and deeper scutum. 

Body: Ellipsoidal. Length and width of holotype, slightly engorged, 639 by 355 microns. 
Anus between third and fourth rows of ventral setae. 

Gnathosoma: Usual structures densely punctate. Palpal setal formula of holotype 
P/Be/NNB:/. Galeal seta nude, rarely forked. 

Scutum: Larger and deeper than in C. desdentatus. Sensillae branched for their entire 
length. AM posterior to AL’s. Scutal measurements of holotype: AW-100, PW-128, SB-55, 
ASB-35, PSB-49, AP-45, AM-81, AL-60, PL-83, S (mutilated). 

Legs: As in type species but larger, branched setae more heavily branched, empodium 
characteristically present. 

Body setae: Dorsal setae 77 to 95 microns long. Dorsal formula of holotype 2-8-(8+2) -4-4-2, 
of a paratype 2-10-6-6-4-2. Humeral setae 95 microns long. Ventral setae (2-2)+20, those 
posterior to the anus similar to the dorsal setae. 
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Crotiscus hayesi n. sp. 

Type data: Holotype and 3 paratypes, RML No. 31562, off Lagidium peruanum, 8 mi. SSW 
Limbani, 15000 feet, Department of Puno, Peru, 12 July 1951. Holotype and 1 paratype in 
Rocky Mountain Laboratory, 1 paratype each in the U. S. National Museum and the British 
Museum (Natural History). 

Diagnosis: Distinguished from all other species of Crotiscus by 2 mastitibialae III and 2 
mastitarsalae III. 

Body: Ellipsoidal. Length and width of holotype, slightly engorged, 536 by 343 microns. 
Anus between second and third rows of ventral setae. 

Gnathosoma: Capitular sternum, cheliceral bases, palpal femoral plates heavily punctate. 
Palpal setal formula Bi/B:/NNB;. Galeal seta nude.” 

Scutum: Larger and deeper than in C. desdentatus and with more definitely rounded pos- 
terior margin. Densely punctate. Sensillae branched on apical half. AM slightly behind AL’s. 
Scutal measurements of holotype: AW-86, PW-121, SB-48, ASB-41, PSB-49, AP-45, AM-62, 
AL-45, PL-66, S-101. 

Legs: Differ from type species principally in having 2 mastitibialae III and 2 mastitarsalae 
III. Unspecialized setae generally with more branches. Empodium longer than claws, and not 
characteristically broken off. 

Body setae: Dorsal setae 47 to 59 microns long, about 50 in irregular rows. Humeral 
setae 69 microns long. Ventral formula (2-2)-8-4-4-4-2. The setae posterior to the anus similar 
to the dorsal setae. 

This species is named for Sherman L. Hayes, staff artist, Rocky Mountain Laboratory. 


SUMMARY 


In the light of further study and much more additional material Crotiscus Ewing 
is removed from synonymy with Trombicula Berlese and reinstated as a valid 


genus. Crotiscella Wharton and Fuller is sunk as a synonym of Crofiscus. 

Six species, for which a key is given, are now referred to Crotiscus. 

C. desdentatus (Boshell and Kerr) and C. thomasi (Oudemans) are redescribed 
and lectotype designated. 

Four new species, C. aetherios, C. dispar, C. frigipes, and C. hayesi are described 
from rodents of the Peruvian highlands. 
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RESEARCH NOTE 


OSTRACODS AS SECOND INTERMEDIATE HOSTS OF HALIPEGUS 
OCCIDUALIS STAFFORD, 19095 (TREMATODA: HEMIURIDAE) 


The discovery of Halipegus occidualis Stafford, 1905, in Rana aurora, Taricha torosa, and 
Dicamptodon ensatus in a pond along the upper Clackamus River and in a lake in the Mt. Hood 
National Forest about 15 miles south of Mt. Hood, Oregon, led us to investigate the life cycle 
of this parasite. Although Krull (1935, Amer. Mid. Nat. 16: 129-143) found that species of 
Cyclops served as second intermediate hosts for this species, we could not verify this fact until 
very recently, and then only with a single species of this group of copepods. Because of early 
failure to find a suitable host, cystophorous cercariae from Helisoma subcreatum collected from 
the 2 sites were exposed to laboratory-reared ostracods identified by Dr. Willis L. Tressler, 
of the U. S. Hydrographic Office, Washington, D. C., as Cypridopsis vidua (O. F. Muller, 
1776), a common species. Examination of these crustaceans several days later revealed that 
nearly all contained from 1 to several unencysted metacercariae of Halipegus. Infected ostra- 
cods were placed in an aquarium with laboratory-reared larvae of Taricha torosa. Three 
months later several young adults of Halipegus occidualis were recovered from the digestive 
tracts of these newts. 

Two days after infection of the ostracods the young metacercaria measured 0.16 to 0.21 
mm long by 0.027 to 0.046 mm wide. After a month’s growth in ostracods the metacercariae, 
still active and unencysted, were about 3 times these dimensions. Some metacercariae 3 weeks 
old were able to evert the bladder epithelial cells to form finger-like villi, not previously re- 
ported for this species but described by Thomas (1939, J. Parasitol. 25: 212) for Halipegus 
eccentricus. 

Fully devel-ped metacercariae of similar size also were found in the posterior gut of a 
number of dragonfly nymphs collected in both localities. This finding is in accord with that oi 
Krull who discovered such metacercariae in dragonfly nymphs in Maryland. 

In summary, Halipegus occidentalis Stafford, 1905, has been found in 3 species of am- 
phibians in Northwestern Oregon, thus greatly extending the known range of this trematode. 
Further, in addition to species of Cyclops already known to be involved, ostracods were dis- 
covered to serve as second intermediate hosts. This appears to be the first record of ostracods 
known to serve as hosts of trematodes. (This work was supported by Contract Nonr 1805 (00), 
NR _ 130-342, between the Office of Naval Research, Department of the Navy, and Portland 
State College.) —RatpH W. Macy ann Wayne R. Demortt, Portland State College, Portland, 
Oregon. 





STUDIES ON EXOTIC IXODES TICKS (IXODOIDEA, IXODIDAE) 
FROM UNITED STATES NAVY AND ARMY ACTIVITIES 


Don R. ArTHUR* 
Department of Zoology, University of London, King’s College, London, England 


Through the generosity of the Department of Medical Zoology, United States 
Naval Medical Research Unit Number Three, Cairo, Egypt, various lots of Jxodes 
ticks of exceptional interest have been studied and are described herein. The 
Turkish material was collected by H. Hoogstraal and M. N. Kaiser; the Korean 
material was among ticks of different genera collected by Captain V. J. Tipton, 
USA, and sent to Hoogstraal for identification; the Chinese specimen was sent to 
Hoogstraal by J. Bequaert for identification. Further African material collected 
by the Department of Medical Zoology of NAMRU3 is described in our revision 
of the African representatives of the genus /xodes (Arthur, in preparation). All 
measurements are in millimeters. 


TURKISH MATERIAL 


Ixodes ricinus (L., 1758). 
Lot 1: 2 females from domestic cattle, Sapanca, 5 August 1953. 
Lots 2 and 3: 4 females from 2 hedgehogs, Erinaceus europaeus concolor Martin, near 
Sapanca August 1953. 
Lots 4 and 5: 3 nymphs from 2 hedgehogs, E. europaeus concolor, near Sapanca, August 
1953. 
Lots 6 and 7. 4 larvae from 2 lizards, Lacerta viridis viridis Laurenti, near Sapanca, 5 
Aug*:st 1953. 
Lot 8: 4 nymphs from 7 5-toed jerboas, Allactaga w. williamsi Thomas, Van, 6000 ft. alt., 
15 July 1954. 
Lot 9: 5 nymphs from 2 mole rats, Spalax leucodon Nordmann, 1850, Edremit, Van, 10 
July 1954. 
Lot 10: 3 larvae from 1 mouse, Mus musculus brevirostris Waterhouse, 1837, Sapanca, 7 
August 1953. 
These records are noteworthy in that they provide some indication of hosts of immature 
stages in western Turkey and Kurdistan. 


Ixodes laguri Olenev, 1929 (? subspecies). 

Lot 1: 2 males, 1 female from burrow of Meriones bluckeri intraponticus Neithauser, 1936, 
Lake Emir, near Ankara, 21 August 1953. 

Lots 2 and 3: 1 larvae and 1 nymph from 5 jirds, Meriones b. intraponticus, Lake Emir near 
Ankara, 18 and 19 August 1953. 

Lot 4: 6 larvae and 1 nymph from 5 shrews, Crocidura sp., Sapanca, 500 ft. alt. 7 August 
1953. 

Lot 5: numerous larvae and nymphs from 2 water voles, Arvicola terrestris hintoni Aharoni, 
1932, 12 miles east of Izmit, 5 August 1953. 


The adult specimens in lot 1 noted above fall in the J. Jaguri group as defined 
by Pomerantzev (1950). The immature stage specimens in lots 2 to 5 are pro- 
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visionally assigned to the same species. Specimens of J. Jaguri are not available 
outside of the USSR and it does not appear advisable to assign the present material 
to subspecies on the basis of published descriptions alone. However, a careful 


description of Turkish specimens referable to this group is desirable. 


Female. 

30dy pale brown including palps and legs; scutum and basis capituli more heavily pigmented. 
Dense clothing of white hairs on alloscutum. Unfed female measures 2.7 long and 1.1 wide at 
level of spiracle. 

Capitulum (Fig. 1) length 0.69. Basis with straight, salient posterior margin; lateral 
margins short, slightly divergent anteriorly; width across dorsal ridge 0.41; cornua distinct, 
approximately as broad basally as long, mesial margins convex, outer margins straight, slightly 
elevated posteriorly, pointed apically ; porose areas superficial, oval, separated by a distance less 
than their width; basis ventrally (Fig. 2) constricted at approximately midlength; postero- 
lateral angles broadly rounded, posterior margin nearly straight, darkly pigmented marginally ; 
auriculae forming broadly pointed spurs, heavily pigmented, directed posterolaterally. Palps 
paler than basis, long; article II longer than article III as 1.11: 1.0; combined lengths of articles 
II and III, 0.58; outer margins straight, inner margins convex along inner face, sharply nar- 
rowed apically ; short hairs on outer and inner margins of article III; long hairs on mesial face 
of article II (Fig. 1). 

Hypostome (Fig. 3) long, narrow, pointed; length 0.37; margins gently convex; denticles 
long, pointed, dentition from base to apex, 4 rows of 2/2 files, 8 rows of 3/3, 1 subapical row of 
4/4 files. 

Scutum (Fig. 4) length 1.4, width 0.91, widest anterior of midlength, broadly rounded pos- 
teriorly; scapulae pointed, embracing sides of basis, emargination moderate. Lateral carinae 
distinct, more or less straight for greater length, divergent laterally posterior of point of greatest 
scutal width. Cervical grooves deep, divergent, reaching posterolateral margins. Punctations 
large, interspersed with transverse rugae. Surface shining, crazed, bright. Hairs few, long. 

Legs (Fig. 5) of moderate length. Tarsus I stout, moderate subapical hump, less distinct 
on legs II to IV. Length of tarsus I, 0.55, metatarsus I, 0.32; length of tarsus IV, 0.49, meta- 
tarsus IV, 0.34. Coxae (Fig. 6) mildly convex, posterior edges of I, II and III salient, punc- 
tate; with long hairs arising from posterior margins. Coxae I and II with distinct external 
and internal spurs posteriorly, black color except for brown apex. Coxa I with particularly 
long, narrow, slightly curved internal spur, rounded apically. Coxa II with internal spur reduced 
to marginal salience. Coxae I to IV with prominent external spurs, rounded apically. 

Spiracular plate oval, surface nearly level and little elevated over body surface; smaller 
than coxa IV; macula anteroventral. Genital aperture between coxae IV. Genital grooves 
divergent. Anus located at one-third distance between coxae IV and posterior margin. Anal 
grooves rounded anteriorly; becoming obsolete posteriorly; divergent. 


Male. 

Body (Fig. 7) brown, shiny, elongate, oval, widest just posterior to midlength. Marginal 
body fold commencing approximately opposite second coxal interspace. Length 2.1, breadth 1.2. 

Capitulum (Fig. 9) length 0.48, width across posterior border 0.22. Basis broad, lateral 
margins straight, divergent to palpal base, posterior margin straight, salient; cornua strongly 
developed, pointed, triangular, directed posteriorly; surface mildly convex, smooth with few 
scattered, prominent punctations in position of porose areas of female. Basis ventrally short, 
broad, gently rounded posteriorly; surface gently convex; more heavily pigmented marginally ; 
sinuous transverse suture terminating in 2 broad, short, rounded, heavily pigmented auriculae. 
Palps (Fig. 9) short and broad, more strongly convex on inner than outer border; outer profile, 
particularly of article II, undulate. Article I] (013) shorter than article III (0.16), greatest 
breadth at their junction 0.15; slightly depressed on mesial surface ; with numerous short hairs ; 
longer hairs mesially at base of article II extend almost to apex of large basal tooth of hypostome 
(see below) ; article I longer on ventral surface than on dorsal surface, ridged on lower surface. 

Hypostome (Fig. 10) short, broad, length 0.18; indented apically, eight distinct lateral 
teeth, very large basal tooth directed ventrally and bearing secondary crenulations on surface ; 
arrangement of teeth as figured (Fig. 10) ; teeth irregular on each side of midline in both males 
examined. 

Scutum (Fig. 7) convex (more accentuated anteriorly than posteriorly), elongate oval; 
greatest width at or posterior of midlength; length 1.5 to 1.7, breadth 0.8 to 1.0. Surface 
smooth, shining, brown; finely and uniformly punctate between cervical grooves and posteriorly 
to posterior margin; lateral to cervical groove punctations larger and deeper; hairs of moderate 
length, white, uniformly distributed. Scapulae long, pointed; emargination deep. Cervical 
grooves short, moderately deep, divergent; lateral carinae lacking. 
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Ventral plates (Fig. 8) bearing long, white hairs. Median plate more finely punctate than 
either anal or adanal plates but with border of coarser punctations; very much longer than 
adanal plates. Epimeral plate with distinct margins terminating slightly posterior of coxa IV. 

Legs essentially as in female, internal spur of coxa I relatively shorter than in female but 
longer than external spur; external and internal spurs present on coxae I, II and III, those 
of II and III longer than internal spurs; external spur only on coxa IV (Fig. 8). Length of 
tarsus I, 0.485, tarsus IV, 0.39 (Fig. Ila, b). 

Spiracular plate as for female in size and shape, but with fewer goblets. Genital aperturc 
at level of coxae III. 


KOREAN MATERIAL 


The collection from Korea consists of eighteen tubes and seventeen slides. 
Three species of lxodes ticks are represented, 2 of them only by larvae and nymphs. 


Ixodes species close to I. ricinus L. 


In this series, represented only by larvae and nymphs, the hypostome is pointed 
in contrast with the more rounded apex of British specimens and the lateral carinae 
of the scutum of the latter are more pronounced than in the Korean forms. In the 
light of these consistent differences and that Schulze (1930) described the closely 
allied persulcatus from eastern Asia, the occurrence of J. ricinus in this area is 
open to question. Kohls (personal communication) states that 3 lots of alleged 
I. ricinus from Japan examined by him proved to be J. persulcatus. He adds that 
“the adults of these species are very similar and the immature stages even more so 
as evidenced by comparison of reared material at hand.” In the absence of adults, 
I hesitate to ascribe Korean specimens to specific rank. The following are the 
Korean records: 

From National Forest, Pupyong ni and Tong jom, from Siberian Chipmunk, Tamias sibir- 
icus asiaticus (Gmelin) (= Eutamias asiaticus uthensis Pallas) : 4 nymphs, April and May 1955. 
Same locality, from Erinaceus sp., 1 nymph, May 1955. 

From various localities (National Forest, Ilsan ni near Seoul, Chaesa dong, Chinju, Tong 
jom, and Kumt’ori), from broad-toothed field mouse, Apodemus agrarius subsp., 4 larvae and 
9 nymphs, April, May, August, and September, 1952 to 1955. 


Collected by the 37th Medical Company (PM) (Sep) except 2, which were taken by the 
207th Medical Detachment (PM) (Sur). 


Ixodes granulatus Supino, 1897. 


The Korean data are as follows: 10 males and 30 females collected by the 37th Medical 
Company (PM) (Sep) from Apodemus agrarius subsp., on open, sandy slopes at Paedun ni, 
Pansong, and Chindong ni, June and July 1954. 

By reference to the key of Nuttall and Warburton (1911) these specimens run to Jxodes 
minor Neumann, 1902. A comparison of the present description with that of Neumann (1902) 
and Nuttall and Warburton (1911) indicates that we are dealing with 2 distinct species. The 
Korean material represents Jxodes granulatus Supino and is worthy of redescription. 


Female. 

Body elongate oval, much longer than wide. 

Capitulum (Figs. 12 and 13) length 0.86. Basis breadth 0.38; triangular, cornua normally 
very short or negligible; surface generally flat mesially but curving sharply laterally; pos- 
terior margin straight; porose areas relatively large, subtriangular, superficial with few scat- 
tered pores, separated by an interval less than their own greatest length (ratio approximately 
8:13) or in some instances approximately equal to the greater diameter. Basis ventrally broad, 
broadly rounded posteriorly with small, short auriculae that are blunt and directed postero- 
laterally. Palps long, article II, 0.28, article III, 0.22; article II widest just posterior of apex; 
article III subconical lateral profile almost straight outer margin of article II slightly un- 
dulate; mesial profile uniformly convex, longest hairs at base of article II, shorter towards 
apex; article I broader than long, drawn out ventrally into a distinct ridge. 

Hypostome (Fig. 14) long, 0.38, apex rounded, dentition 3/3 for eleven rows, 3 basal rows 
2/2. 

Seutum (Figs. 15 and 16) length 1.25 to 1.32, breadth 0.87 to 0.90; widest at or slightly 
posterior of midlength (subject to some variation, Figs. 15 and 16) ; scapulae pointed, emargina- 
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tion slight to moderate; punctations large, more numerous posteriorly, fewer and more scat- 
tered anteriorly between cervical grooves, pores of moderate depth. Cervical grooves pale, shal- 
low but distinct, not reaching posterolateral border, diverging posterolaterally. Lateral carinae 
slight, commencing from inner margin of scapula, straight, slightly curvirig near termination 
of cervical groove. Sides slope away quite strongly from lateral ridge. Color dark brown, 
laterally paler. Hairs numerous, long, white, especially numerous posteriorly. 

Alloscutal cuticle distinctly punctate. Marginal groove distinct and with long white hairs. 
Spiracle nearly circular, length 0.25, breadth 0.21, one-third of distance from posterior border ; 
macula anterolateral, goblets of moderate size. 

Genital grooves slightly divergent from genital opening to just posterior of level of spiracle; 
thence more strongly divergent before becoming more or less parallel posteriorly; not reaching 
posterolateral margin in engorged or partly engorged specimens. Genital aperture between 
coxae III and IV. Anus posterior of level of spiracle (cf. with Anastos, 1950). Anal grooves 
in well engorged specimens almost ogival anteriorly; arms diverge quite strongly but not at- 
taining posterior margin; in unfed or slightly fed specimens anal groove appears as an inverted U. 

Legs long, fairly slender, brown with long white hairs. Tarsus I, 0.46, tarsus IV, 0.40, 
pulvillus nearly as long as claw. Coxa I with inner spur pointed, outer spur shorter and blunt; 
coxae II and III with a short external spur; coxae IV with external spur reduced to salient 
margin (Figs. 18f, d). : 


Male. 

Body long, oval (Figs. 21 and 22), length 1.75, breadth 0.84, color dark reddish-brown. 
Marginal groove pronounced, with strong white curved hairs longer and thicker than those 
of scutum. 

Capitulum (Figs. 19a and 19b). Basis capituli with sides either straight or slightly diverg- 
ent, surface gently convex; cornua prominent, triangular; length 0.36, breadth across basis 
capituli 0.23. Basis ventraily (Fig. 19b) broadest distally narrowing to concave posterior border, 
sides concave; crossed by a semicircular elevation originating from slight extensions (= auricu- 
lae) at base of article I. Palps with straight lateral profile, mesial profile convex; mesial face 
of articles II and III very slightly concave; article II slightly broader than article III; length 
of article II, 0.15, article III, 0.11. Hairs slightly longer near base of article II. 

Hypostome (Fig. 20) broad, length 0.167; lateral teeth indicated by seven sharp-edged pro- 
jections; mesial teeth consist of irregular crenulations (Fig. 20); basal tooth long, directed 
posteroventrally and terminating in a rounded apex. 

Scutum (Fig. 21) elongate oval, margin more sharply angled at anterior end of marginal 
groove, length 1.33, breadth 0.7. Variable in shape [and at extreme ranges approaching those 
of both J. granulatus and J. kempi; the same is also true in cotypes of J. granulatus.| Surface 
mildly convex, convexity stronger posteriorly. Cervical grooves weak, shallow, extending ap- 
proximately one quarter length of scutum; strong uniform depressions of approximately equal 
size, small to moderate diameter; hairs short, white, uniformly distributed. Hairs of marginal 
groove curved, stronger and longer than those of scutum. 

Ventrally (Fig. 22) median, anal and adanal plates punctate, covered with hairs similar 
to those of scutum; some hairs on pregenital plate long, others short; hairs on epimeral plates 
similar to those on median, anal, and adanal plates. Pregenital plate tapers less than indicated 
by Krijgsman and Ponto (1932) but with a similar rounded anterior border. 

Legs. Coxae broad, hairy; coxae I and II syncoxae; external spurs prominent on all 
coxae; sharp pointed internal spur present only on coxa I. Tarsi much shorter than in female 
(cf. Figs. 23a-d), tarsus I with a distinct hump becoming less pronounced from leg I to leg 
IV; length of tarsus I, 0.39, tarsus IV, 0.33; pulvillus almost as long as claw. 

Genital aperture between coxae III. Genital grooves divergent, extending almost to 
posterior margin. Anal grooves variable, may be broadly horseshoe-shaped [as figured by 
Krijgsman & Ponto (1932)] or may be divergent (Fig. 22), not reaching posterior margin. 
Spiracle elongate oval (Fig. 24b). 


Discussion. Study of the Korean specimens leads to the inevitable conclusion 
that the males are similar to those figured by Krijgsman & Ponto (1932) and re- 
peated by Toumanoff (1944). The position with regard to the females is less well 


defined. It seems relevant, therefore, to consider previous descriptions and figures 
to ascertain the status of J. kempi, I. granulatus, and the Korean ticks, and also to 
refer to the cotype material of the two former species in collections of the British 
Museum (Natural History). The basis in the cotype specimens (N 2066) of 
I. kempi is distinctly broader than that of either the cotypes (N 2966) of J. granu- 
latus or the Korean specimens; the cornua in /. kempi are small, broadly rounded, 
and distinct, while Anastos (1950) and Nuttall (1916) state that cornua are 
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absent in /. granulatus. In cotype specimens of the latter, cornua are present even 
if much reduced, while in the Korean specimens these projections are very variable, 
ranging from well defined to completely absent. The palps of J. kempi are relatively 
shorter and broader than those of the cotypes of J. granulatus or of the Korean 
ticks (cf. Figs. 18a—c); this is substantiated by a study of figures presented by 
Nuttall (1913, 1916) and Anastos (1950). 

A similar comparison of scutal figures presented by both Nuttall and Anastos 
shows some difference in form for the same species; this intraspecific variation is 
also apparent in the Korean ticks, where specimens having substantially the same 
form as that of J. granulatus are observed. In general, the scutum of /. kempi has 
more or less rectilinear posterolateral margins with a broadly rounded posterior 
extremity. The punctations in the latter are deep, of moderate size, and close to- 
gether, while in /. granulatus and the Korean specimens they are shallower and 
more widely spaced; moreover, their distribution appears to be quite variable. 
Lateral ridges are present in all these ticks being particularly well developed in 
I. kempi where they are well elevated and extend to the posterolateral margins. 

The cotype specimens of /. kempi are of a dark red-brown color, those of J. 
granulatus and the Korean ticks are pale brown. The anal grooves as a diagnostic 
character are, in my opinion, of little merit as in the Korean specimens, for example, 
the shape is modified according to the degree of engorgement; thus they may be in 
the form of an inverted U in unfed specimens (compare /. granulatus as described 
by Anastos). Nuttall described these grooves as ogival in the same species and 
this is true in the cotypes, but these specimens are only slightly engorged. In en- 
gorged specimens the arms diverge, as, described by Toumanoff (1944), and in 
the cotype of J. kempi, although Nuttall (1913, Fig. 1) illustrated the latter as an 
inverted U. Similarly, the spiracles are variable in specimens examined. Anastos 
(1950) described and figured those of J. granulatus as nearly circular, Nuttall 
(1916) described them as subcircular with the long axis transverse to that of the 
long axis of the body; in the cotype 2966 (which Nuttall figured) the spiracle is in 
fact elongate oval. In /. kempi, the spiracle is variously given as transversely oval 
(Nuttall, 1913); round (in text and Plate 8), and transversely oval (Toumanoff 
1944, Plate 7). In the cotype it is transversely oval. That the spiracle is variable 
in shape in the Korean specimens has been indicated earlier in the text. A com- 
parison of the form of the coxal spurs from the studies of different workers appears 
to be more consistent. Thus, in J. granulatus the internal spur of coxa I is long 
and sharp (Nuttall, 1916; Toumanoff, 1944; Anastos, 1950) and the external spur 
is short and blunt. The cotype material agrees in this respect. In J. kempi coxa 
I has a sharp internal and a short pointed external spur. Examination of 30 females 
from Korea shows that the internal spur on coxa I is short and bluntly rounded, 
while the external spur is broad and only slightly smaller than the internal one. 
Like J. kempi, however, the spur (as indicated by a marginal salience) on coxa IV 
is quite distinct. In view of the intraspecific variation discussed above and in the 
extensive collection of J. granulatus in the Rocky Mountain Laboratory from many 
hosts and localities in the Far East (Kohls, personal communication) it is difficult 
to believe that J. kempi is not synonymous with /. granulatus, a view previously 
expressed by Sharif (1928) after scrutiny of type material of the former. On the 


other hand, Anastos (1950) after examination of 6 females and 1 male of kempi 
in the Museum of Comparative Zoology concluded that kempi is a valid species and 
distinct from granulatus. 
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Ixodes near angustus Neumann, 1899. 

Ixodes angustus has a wide distribution, being known from North America 
(Cooley and Kohls, 1945), Sakhalin Island (Asanuma, 1951) and the USSR 
(Pomerantzev, 1950). Nymphs described by Cooley and Kohls have small, pointed 
cornua, but Nuttall ef a/ show these structures as long and pointed in specimens 
from British Columbia. This latter condition occurs in the Korean specimens de- 
scribed below, but in the absence of adults we hesitate to state that they are defi- 
nitely angustus. 

Material examined. Nymph from Northern Redbacked Vole, Clethrionomys sp., Kwandae 
ri, December 1953, Capt. V. J. Tipton /egit; 3 nymphs from Siberian Chipmunk, Tamias 
sibiricus asisaticus (Gmelin) (= Eutamias asiaticus uthensis Pallas), National Forest, Pupyong 
ni, 23 May 1955. Four larvae and 1 nymph from Clethrionomys sp., Kwandae ri, December, 
1953. Five larvae and 1 nymph from Broad-toothed Field Mouse, Apodemus agrarius subsp., 
Pochon, Paek kan a few miles west of Wonju, Sangson gong ni, and Hoeam kogae; December, 
1953; August, 1954, and April, 1955. These specimens are divided between the collections of the 
United States National Museum, British Museum (Natural History), and the writer. 


Description of Nymph. 

Capitulum (Fig. 25). Basis capituli with surface convex, posterior margin straight or 
gently curved; cornua strong, long, directed posterolaterally, broader basally and tapering to a 
sharp point; lateral margins concave, widening slightly to base of palpi. Ventrally basis (Fig. 
26) broadly rounded posteriorly, waisted at about midlength; article I large and extended 
mesoanteriorly, posterolaterally and ventrally into 2 horns, anterior horn more flattened than 
posterior horn. Palpi with article I large dorsally, lateral profile of articles II and III more or 
less straight; mesial margin slightly convex. 

Hypostome broad, spatulate, 9 lateral teeth, dentition from apex to base 2 files of 3/3, 6 or 
7 files of 2/2. 

Scutum (Fig. 27) with scapulae short, pointed; emargination slight; cervical grooves long, 
shallow, thinning out posteriorly and nearly attaining posterolateral margins; carinae well de- 
fined; surface brown with few short hairs; these hairs less abundant than on dorsum and gen- 
erally also shorter. 

Legs short and stout. Coxa I with a sharply pointed but broad internal spur longer than 
bluntly rounded external spur. External spurs only on coxae II to IV; spur on coxa IV small 
and pointed (Fig. 29). Tarsus I kvoad, humped, hump decreasing in intensity from coxa I to 
IV; hairs of moderate length; leng.h of tarsus I, 0.31, length of tarsus IV, 0.28 (Fig. 28). 

Sptracle transversely oval. Anal groove (in unengorged or partially enengorged specimens ) 
with anterior margin opposite posterior edge of spiracle; grooves parallel before becoming 
gently rounded anterior of anus (Fig. 30). Alloscutum with hairs few, short, fine. 


Description of Larva. 

Body elongate oval when unengorged; becomes globuar after feeding. Alloscutum with 
fine, short, white hairs. 

Capitulum (Figs. 32 and 34). Basis capituli broader than long, dorsal ridge straight, drawn 
out laterally, broadly triangular; ventrally broadly ovate (Fig. 34). Palpi short and stout; no 
sutural line between articles II and III (Fig. 34); article I extended into anteromesial and 
posterolateral horns; anteromedial horn visible from dorsal view (all specimens examined are 
mounted and horns appear relatively broader and shorter than in nymph). Few moderate hairs 
laterally, fewer hairs mesially ; apex gently curved. Length of combined articles II and ITI, 0.142. 

Hypostome spatulate, profile and apex gently curved; 8 lateral teeth, dentition from apex 
to base, 1 file of 3/3, 5 files 2/2, 2 files 1/1; length 0.07. 

Scutum (Fig. 31) length 0.33, breadth 0.35, i.e. broader than long, widest anterior of mid- 
length. Cervical grooves appear very slight. Surface finely punctate; hairs few and of similar 
size to those on alloscutum. 

Legs (Fig. 33) short and broad. Coxa I with short, broad pointed internal spur; coxa IT 
with marginal salience; coxa III devoid of spurs. 


CHINESE MATERIAL 


Ixodes japonensis Neumann, 1904. 
A single female from Museum of Comparative Zoology collections represents 


a new host and distribution record for Jxodes japonensis. It was collected from a 
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giant panda shot by a native hunter in the Yachonfu region of western Szechwan, 
China, and ‘was purchased by Childs Frick from Quentin Roosevelt, arrived at 
Carnegie Museum April 1940. Panda was probably shot in 1938 or 1939. G. E. 
Wallace”. 


This tick specimen agrees substantially with the description given by Nuttall 


Meee 


and Warburton (1911) except that the internal spur of coxa I is quite prominent, 
and coxae III and IV are drawn out into short sharp, prominent spurs. Coxae 
I and II are syncoxae. The porose areas in this specimen are rounded, depressed, 
and separated by about half their diameter. 
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SUMMARY 


Ixodes specimens and data received for study from the United States Naval 


Medical Research Unit Number Three, Cairo, are reported inasmuch as they rep- 


resent material and data from poorly known parts of the world. These include 
host records of adult and immature /. ricinus (L., 1758) from Turkey and similar 
records and description of material from Turkish populations of /. /aguri Olenev, 
1929. From Korea, host records of immature stages of a species close to /. ricinus 
are presented. The differences between Korean and British specimens are given. 
Korean populations of /. granulatus Supino, 1897, are described ; these differ from 
others elsewhere in the length of the internal spur on coxa I and may represent a 
geographical race. J. angustus Neumann, 1897, is described from Korean larvae 
and nymphs. From China, a female of J. japonensis Neumann, 1904, from a giant 
panda represents a new distribution and host record for this species. 
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Figures 1-6. Jxodes laguri Oleneyv, female (Turkish specimen) 
Figure 1. Capitulum, dorsal. 
Ficure 2. Basis capituli, ventral. 
Figure 3. Hypostome, left half. 
Ficure 4. Opisthosoma, dorsal. 
Figure 5a. Tarsus I. 
Figure 5b. Tarsus IV. 
Figure 6. Coxae I-IV. 
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Figures 7-llb. Ixodes laguri Olenev, male (Turkish specimen) 


Figure 7. Opisthosoma, dorsal. 
Ficure 8. Opisthosoma, ventral. 
Figure 9. Capitulum, dorsal. 
Ficure 10. Hypostome. 

Ficure lla. Tarsus I. 

Ficure 11b. Tarsus IV. 
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Figures 12-17. Jxodes granulatus Supino, female 
;URE 12. Capitulum, dorsal (Korean specimen) 

;URE 13. Capitulum, ventral (Korean specimen). 

;URE 14. Hypostome (Korean specimen). 

SURE 15. Scutum (Korean specimen). 

Scutum (cotype specimen 2966, BMNH). 


SURE 16. 
I, kempi Nuttall, 1913 (cotype 2066 BMNH). 


SURE 17. 
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Fisure 18. Jxodes kempi and J. granulatus 


Ficure 18. Parts of specimens of J. kempi (18a, 18d) ; J. granulatus (cotype 2966, BMNH) 
(18c, 18f) ; and Korean ticks (18b, 18e) drawn to the same scale for comparison. The 
coxae of J. kempi (18e) are slightly foreshortened due to contraction of the ventral 
surface. 


Figure 34. Larva, of /xrodes near angustus capitulum, ventral. 
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Figures 19-24. Jxodes granulatus Supino, male and female (Korean specimens) 


FIGURE 
FIGURE 
FIGURE 
FIGURE 
FIGURE 
FIGURE 
FIGURE 
FIGURE 
FIGURE 
FIGURE 
FIGURE 


19a. Capitulum, dorsal. 
19b. Capitulum, ventral. 
20. Hypostome. 

21. Opisthosoma, dorsal. 
22. Opisthosoma, ventral. 
23a. Tarsus I, female. 
23b. Tarsus I, male. 

23c. Tarsus IV, female. 
23d. Tarsus IV, male. 
24a. Spiracle, female. 
24b. Spiracle, male. 


Ficures 25-33. Ixodes near angustus (Korean specimens) 


= 25. Nymph, capitulum, dorsal. 
: 26. Nymph, capitulum, ventral. 


Nymph, scutum. 
Nymph, tarsus I and IV. 
Nymph, coxae I-IV. 
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igure 30. Nymph, posterior part of opisthosoma. 


i'IGURE 31. Larva, opisthosoma, dorsal. The position of the anus as seen in transparency 
is indicated. 

Ficure 32. Larva, capitulum, dorsal. 

Ficure 33. Larva, coxae I-III. 





FIGURE ; 
FIGURE ; 
FIGURE 35c. 
FIGURE < 
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Figure 34 is printed on p. 691 
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Figures 35a-e. Ixodes japonensis Neumann, female 
(Chinese specimen) 
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. Posterior extremity to show anal groove. 
. Capitulum. Hypostome missing. 


3asis capituli, ventral. 


. Coxae I-IV. 
. Spiracle. 





RESEARCH NOTES 


INCIDENCE OF TRICHOMONADS IN THE DIGESTIVE TRACT AND 
NOSE OF PIGS IN THE WESTERN UNITED STATES 


In connection with an investigation concerning a possible relationship between atrophic 
rhinitis and nasal trichomonads in pigs, observations were made on the incidence of trichomonac|s 
in the nose and digestive tract of pigs during the period from January, 1954, to September, 1955. 
The pigs sampled originated in Nebraska, northern Utah, and southern Idaho; usually they 
were about 6 months old. Samples were obtained from the stomach and cecum of pigs at abat- 
toirs in Ogden, Logan, and Hyrum, Utah. Also at the abattoir in Hyrum, nasal washings were 
collected while pigs were suspended head downward just prior to killing. Contents of the stom- 
ach and cecum of the same pigs were sampled after killing. Samples were taken to the labora- 
tory and examined within 2 or 3 hours after collection. 

Toward the end of the investigation a culture method involving a modified Plastridge beef 
extract medium (Fitzgerald, P. R. et al 1954, Vet. Med. 49: 409-412, 454) was used for samples 
found negative by direct examination. Of 64 nasal samples, only 17 were found by direct exam- 
ination to be positive, whereas 21 of 41 samples diagnosed as negative by the direct examination 
were found by the culture method to contain trichomonads. In contrast, none of 35 stomach 
samples found negative by direct examination was positive by the culture method, and only 1 
of 11 cecal samples found to be negative by direct examination was diagnosed as positive by the 
culture method. 

Results of all examinations were as follows: 

Source of Number of pigs Number of samples posi- Percent 
samples examined tive for trichomonads positive 
Stomach 431 44 
Cecum 329 237 
Nose 64 36 

Trichomonads were found concurrently in the stomach and cecum of 82% of 329 pigs, in 
the nose and cecum of 46.6% of 58 pigs, in the nose and stomach of 3.5% of 58 pigs, and in the 
nose, stomach, and cecum of 1.7% of 58 pigs. The fizures expected on the basis of chance 
coincidence of independent infections are 9.6%, 49.0%, 3.9%, and 3.4%, respectively. Thus, the 
expected figure in all cases exceeded the percentage observed, giving an indication that infections 
by trichomonads in the nose, stomach, and secum are independent and that the trichomonads 
from the 3 sites are distinct from one another, at least physiologically. However, except for 
those concerning the stomach and cecum, the number of samples is too small to serve as the 
basis of any definite conclusion. 

As yet, only 1 species of trichomonad from switie has been named. The name Trichomonas 
suis was given to the trichomonad from the stomach (Gruby, D. and Delafond, H. M. O., 1843, 
Compt. rend. Acad. Sci. Paris 17: 1304-1308; Davaine, C. J., 1877, Traité des Entozoaires et des 
Maladies Vermineuses de l’Homme et des Animaux Domestiques. 2nd ed., Paris, Bailliére). 
Inasmuch as trichomonads were found in the present study to occur much less frequently in the 
stomach than in the cecum, it is of interest that the original observation of trichomonads in pigs 
involved those in the stomach. In fresh material, the trichomonads from the stomach appeared 
to be distinct in appearance from those in the cecum, but resembled the trichomonads from the 
nose. Stomach trichomonads were relatively uniform in size and shape, with an ovoidal body, 
a relatively short, stubby projection of the axostyle, and an undulating membrane extending 
nearly to the end of the body. Trichomonads of 2 sizes were seen in the cecum, in accordance 
with the report of Buttrey (1956, J. Protozool. 3: 8-13). No consistent attempt was made 
to distinguish between these two forms in the examination of samples. 

There are a number of reports concerning trichomonads in the cecum or feces of swine 
(Switzer, 1951, Vet. Med. 46: 478-481), but relatively few observations concerning incidence 
of trichomonads in the stomach and nose. Switzer reported that 80% of 87 Iowa swine affected 
with atrophic rhinitis harbored trichomonads in the nose, whereas only 2.8% of 72 diseased 
swine not affected with atrophic rhinitis were positive. Levine et al (1954 J.A.V.M.A. 125 
(928) : 61-63) reported that 10 of 11 pigs with atrophic rhinitis submitted for autopsy to the 
School of Veterinary Medicine, University of Illinois, had trichomonads in the nose. Hanson 
and Flatla (1955, Nord Vet. Med. 7: 660-666) found that 39.6% of 53 pigs with atrephic rhinitis 
harbored nasal trichomonads, whereas none of these parasites were found in 85 normal pigs in 
Norway. Brion and Cottereau (1954, Compt. rend. Soc. Biol. 148: 1415-16) also found nasal 
trichomonads in pigs affected with atrophic rhinitis in France. 

In the present study, no attempt was made to determine the incidence of protozoa other than 
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trichomonads, but the presence of Balantidium coli was recorded in 66.2% of 219 samples. Also 
Chilomastix species and amoebae were noticed occasionally. 

The authors wish to express appreciation to the management of the Swift Packing Com- 
pany in Ogden, of the Tri-Miller Packing Company of Hyrum, and of the Eliason Packing 
Company of Logan for their cooperation in making available samples from swine-——Datus M. 
HaMMonpD, Pau R. FitzceraLtp, AND A. Eart Jonnson, Agricultural Experiment Station, 
Utah State Agricultural College, and the Animal Disease and Parasite Research Division, 
A.R.S., U.S.D.A., Logan, Utah. 


A SIMPLE DEVICE FOR DETERMINING POPULATION DENSITY OF 
SCHISTOSOMA MANSONI CERCARIAE IN INFECTED WATERS 


The apparatus, which enables the analysis of a number of important factors in schistosome 
epidemiology, consists of a modified 4-quart Mirro-matic pressure cooker (Aluminum Goods 
Mfg. Co., Manitowoc, Wisconsin) and a manually operated double action brass bilge pump (12 
gallon per minute capacity) with flexible intake and outlet hoses. The cooker is modified as 
follows so that it becomes a pressure chamber for paper filtration of infective water. The safety 
valve in the cooker cover is removed and replaced by a pressure gauge having a range of at 
least 0-10 pounds per square inch. The steam exhaust vent in the center of the cooker cover is 
also removed and the resulting central hole is enlarged and tapped for a ™%-inch (inside diameter) 
standard brass pipe-to-garden hose adapter. The adapter, fitted with rubber washers, extends 
through the cooker top and the exposed %-inch threads of the adapter on the inner surface of 
the cover connect with a galvanized pipe reducer (1% to % inch). The reducer, in turn, serves 
as a point of attachment for a flexible rubber gas mask exhale valve (Davis Emergency Equip- 
ment Company, Newark, New Jersey). Over 1,700 holes 1/16 inch in diameter are drilled 
through the bottom of the cooker to form a central pattern of concentric circles, the largest 
circle with a diameter of 15.5 cm. When ready for-use the outlet hose from the bilge pump is 
attached to the garden hose adapter in the top of the cooker and the assembled filtration chamber 
is suspended over an empty metal garbage can which has graduated markings. The filtration 
chamber cover is then removed, a suitable filter paper (S&S 404, 18% cm diameter) is inserted, 
and the chamber is filled to capacity with clear noninfective water. The end of the intake hose 
is placed in the water to be examined and all air is cleared from hose and pump with a few 
strokes of the pump. When water begins to flow from the rubber exhale valve the cover is 
placed on the chamber and sealed in position, and pumping is continued at a rate of from 20 to 
40 strokes per minute. As silt from the infective water accumulates on and gradually clogs the 
filter paper, the pressure within the chamber rises. When the pressure gauge reads 5 pounds 
per square inch the intake hose is removed from the infective water and transferred to a bucket 
containing 2 gallon of clean, noninfective water. This water is pumped through the system and 
pumping is continued until the last traces have left the pump and have been forced through the 
paper. The volume of water collected in the garbage can minus the 1% gallons of clear, non- 
infective water used equals the volume of the sample. When all water has been expelled the 
cover is removed from the chamber and the damp filter paper is transferred to a shallow pie 
pan containing 5 ml of 0.5% ninhydrin reagent. The pan is placed on an improvised alcohol 
stove and the paper is allowed to steam over the heat of the stove until dry. The dry paper 
disc can be read in the field with a hand lens or can be taken to the laboratory for more careful 
examination. 

Accurate total counts of cercariae are made in the laboratory by drawing parallel pencil 
lines across the paper, placing the paper on a glass plate, saturating it with xylol containing 
excess sodium bicarbonate, and examining it with a binocular dissecting microscope using re- 
flected light. The xylol makes the paper translucent, and the Schistosoma mansoni cercaria 
appears dark blue with a reddish acetabulum against the brownish unstained silt background. 
The stained profile of the S. mansoni cercaria, if sufficiently well oriented on the paper, can 
easily be distinguished by a trained observer from many other described Puerto Rican cercariae, 
including the furcocercous Cercaria neotropicalis and the recently observed, but as yet unde- 
scribed furcocercous cercaria, locally known as the “hammerhead cercaria.” 

In order to establish the usefulness of the apparatus for quantitative survey work, 10 simu- 
lated field trials were made employing the testing procedure just described. Tap water was 
used in these trials and sufficient river mud was added to each water sample to produce turbid- 
ities ranging from 2 to 16 ppm. As each water sample was pumped through the apparatus 100 
active cercariae were introduced at the intake hose. Following these trials total counts were 
made of the cercariae on the papers and the average cercarial recovery and standard deviation 
for the series were determined. An average of 64+14 cercariae was recovered. An average of 
45+8 was sufficiently well oriented on the paper to be easily recognized as S. mansoni. 
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The filter paper used in these trials (S&S 404, Schleicher and Schuell Co., Keene, New 
Hampshire) was selected from 31 commercially available grades because of its rapid filtration 
speed, high wet strength and efficiency at trapping cercariae. A dry weight of 0.2 g of silt 
accumulated on one paper during a typical trial and the quantity of water passing through the 
papers in these trials varied from 18 gallons at 2 ppm silt to 3.5 gallons at 16 ppm silt. 

Using the technique described above, over 200 tests have been made in typical streams and 
rivers in Puerto Rico, the water samples varying in volume from 4 to 20 gallons. Most of 
these tests were designed to record the daily periodicity of S. mansoni cercariae in natural 
waters and the results of these tests will be reported soon: 

When the tubidity of the water to be examined exceeds the limitations of the filter paper 
the water can be collected in 1 or more garbage cans and the suspended matter can be floccu- 
lated with filter alum (AL2(SO,)s'18H:O) without destroying the usefulness of the sample. 
In each of 10 simulated field trials employing alum flocculation 100 S. mansoni cercariae were 
added to a 20-gallon garbage can containing 15 gallons of tap water made turbid by the addition 
of river mud. The 15-gallon samples were prepared so as to range in turbidity from 25 to 250 
ppm. In each trial, after addition to the cercariae, the water was treated with sodium bicarbon- 
ate (200 ppm) and commercial grade filter alum (100 ppm) and stirred gently to produce a 
suitable floc. The can was then covered and the floc was allowed to settle for 1 hour. Then 
the intake hose was introduced into the can and moved slowly about in the supernatant clear 
water while 10 of the 15 gallons were pumped through the apparatus. In these trials, on the 
average, 37+7 cercariae were recovered and 24+8 were sufficiently well oriented on the paper 
to be easily recognized as S. mansoni. Another experiment with alum flocculation was done 
using 5 different samples of mud (1 stream, 3 river, 1 lake) at a rate of 100 and 200 ppm. No 
striking differences were noted in the cercarial recovery in these additional 10 trials. Of 100 
cercariae introduced in each trial. the average recovery was 35+6 and the average recovery of 
well oriented cercariae recognizable as S. mansoni was 22+4. The use of alum flocculation 
in conjunction with the usual testing procedure has made it possible to survey cercarial density 
in many unusual situations and during the most adverse weather conditions. 

The above-described apparatus provides the first practical means of sampling large volumes 
of water for the presence of cercariae.—-WILLIAM B. Rowan, U. S. Public Health Service, Com- 
municavle Disease Center, Puerto Rico Field Station, San Juan, Puerto Rico. 


FORTHCOMING PUBLICATION OF THE FIRST INSTALMENTS OF THE 
“OFFICIAL LISTS” OF VALID ZOOLOGICAL NAMES AND OF THE 
“OFFICIAL INDEXES” OF REJECTED AND INVALID NAMES 


The International Trust for Zoological Nomenclature has pleasure in announcing that 
arrangements have been made for the immediate publication in book-form of the first instalment 
of each of the “Official Lists” of valid zoological names and of the corresponding “Official 
Indexes” of rejected and invalid names, together with the first instalments of the “Official Lists” 
of works approved as available for zoological nomenclature and of the “Official Index” of 
rejected and invalid works. The categories of names covered by these “Lists” and “Indexes” 
range from specific names to ordinal names. The total number of entries contained in the 
instalments now to be published amounts to about 5,000. 

The first of these “Lists”, that relating to generic names, was established by the Ninth 
International Congress of Zoology, Monaco, 1913, while the most recent were brought into 
existence by the Fourteenth Congress at Copenhagen in 1953. The entries made on these “Lists” 
and “Indexes” have been promulgated from time to time by the International Commission on 
Zoological Nomenclature in individual “Opinions” and “Directions” but owing to the large 
number of documents so involved it has become increasingly difficult for specialists to ascertain 
what names have so far been registered under this system. This difficulty will completely disap- 
pear on the publication of the instalments now in the press, each of which will be supplied both 
with a full alphabetical index and also with alphabetical indexes arranged by major groups. The 
groups so selected will normally be Classes but in the case of large Classes containing well- 
recognised Orders, these supplementary indexes will be on an ordinal basis. 

These “Official Lists” and “Official Indexes” constitute the principal instrument devised 
to promote stability in zoological nomenclature and will be indispensable to all specialists engaged 
on taxonomic work in zoology and palaeontology. 

All inquiries in regard to the above publications should be addressed to the International 
Trust for Zoological Nomenclature at its Publications Office (41 Queen’s Gate, London S.W.7.). 

Francis HemMMiInG, Managing Director and Secretary, International Trust for Zoological 
Nomenclature, and Secretary to the International Commission on Zoological Nomenclature 
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